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Uitra-precise 
WUMIRCANLLE 
ball bearings! 


Look to New Departure— with its expanded facilities— 
for a full line of miniature ball bearings, #4” (.375") 
outside diameter and smaller. 


‘These tiny steel ‘jewels’? are made with extreme 
accuracy on the finest equipment available . . . 
assembled, torque-tested, and packed in pressurized, 
atmosphere-conditioned areas of surgical cleanliness 

. to assure performance and dependability matching 
the most exacting needs of today’s precision industries. 


For full information about miniature bearings, 

or for engineering help on your bearing problems, 
call or write New Departure, Division of 
General Motors Corporation, Bristol, Conn. 


WRITE FOR NEW DEPARTURE'S MINIATURE BEARING CATALOG 
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Why Bodine motors 


were selected 


for Pakomatic 


picture printers 


This machine is a Pakomatic printer made by 
Pako Corporation, Minneapolis. With it, the 
average operator can produce over 1000 photo 
prints an hour. 





' The Pakomatic printer is powered with two 

. t t 5 

Fast, accurate eee iming eapaenten Pata ' Bodine fractional horsepower motors...this 
poses negatives enables operators to produce a) 1/150 HP motor at the top of the printer 
high quality prints, like this - 


which powers the take-up roller. 


AALS | 


which powers the gear box and projection president of Pako Corporation, manufacturer 


4 and this 1/15 HP. double shaft Bodine Motor on We'd like to have you meet Mr. Harry Dye 
J of Pakomatic printers 


lamp cooling blower of the Pakomatic printer 


SODINE 


fractional 
horsepower 


MOTORS 





Be sure your motor is as good as your prod 
7 uct. For details. contact Bodine Electric Co.. 

2256 W. Ohio St.. Chicago...or check your 
Sweet's file 


tors?...Mr. Dye gives a number of good rea 


f Why does Pako Corporation use Bodine Mo 


sons. See above i 








BODINE 


MANUFACTURES y 
FRACTIONAL 
HORSEPOWER - 


ELECTRIC MOTORS 
FOR: 


adding machines 
letter openers 
sanders 

vending machines 
exhaust fans 
duplicating machines 
portable tools 
sound recorders 

air conditioners 
check protectors 
respirators 

voltage regulators 
x-ray timers 

traffic signal timers 
stirrers 

calculating machines 
envelope sealers 
diesel governors 


. and for many 


other applications. 





Ask fora sample copy 
of ‘The Motorgram,’ 
a bi-monthly publi- 


cation discussing the 
application and 

design of fractional 
horse power electric 


motors. 
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in This issue 


STATISTICS. In product 


constantly laced with the necessity 


development, engineers are 
of testing the materials 
ind components that may form a part of the final design 
some of the test nvolve many variables and, so, the 
designer must make test after test after test. In the usual 
procedure, a run consists of holding all variables——save 
one constant and recording observations of the specimen 
lor a wide ranve of values umined 
This same procedure must then be followed for all of 
in turn. When all the individual runs 


ive totaled, the result is 


of the variable being ex 


the other variable 


often a tremendous number. | 
the interest of iving Costs in experimentation, some com 
panies are ploneering the combination of statistics with 
engineering An interesting report beginning on page 
attempts to show the benefits to be gained from a 


tatistical outhmnings 


ipproach by 


the general proce dure 


used and by detailin t sper ihe ¢ xample 


ALUMINUM IMPACT EXTRUSIONS. Irom a simple 
pray attachment for a vacuum cleaner to a control mech 
nism for supersonic aireraft, applications of impact ex 


trusions have come a long way from the comparatively 


mall-seale operations of 35 years ago. Familiar to most 
of us as tubes for toothpaste and shaving cream, impact 
extrusions are now used in a variety of electrical and 
electron applic itions including transformer and small 
motor housings potentiometer cases and lightning arrester 
housing Because of its high streneth-to-weight ratio 
luminum is one of the most commonly used impact 


materials. To find out if there in impact in your future 


IMPACT-MOMENTUM EQUATION. I’essimism has lon 


been an important part of product design. In fact, it is 
ilmost essential to assume such an outlook if good per 
formance is to be guaranteed. By way of proof, witnes 
the widespread use of safety factors in all areas of design 
More interesting evidence of the pessrmisty approach Is 
found in a study of the Hnpact-momentum method of 


ervomechanism analy 


In this ipproach, the servo 
that the svstem he has 


just put tovether will oscillate, meant 


iener always begins by assuming 
that it will exhibit 
undesirable instability. Then, he studies the variables of 
the system to determine if such oscillations can actually 
exist. A deseription of the impact-momentum equation ts 
found in the article startin This is the fourth 


in our series on the fundamentals of servo design which 


on page 107 


is distinguished by its easy-to understand (for engineers 


treatment 


MATERIALS ASPECTS OF ELECTRONICS. Ihe rigidly 


controlled trace of an impurity in a germanium or silicon 
transistor structure looms, figuratively at least, as a mas- 
sive milestone in the road of electronics progress The 
whole field of solid state components and circuits reaffirms 
the intricate and complex integration of materials with 
component and circuit developme nt. Ina provor ative dis 
cussion, “Materials in Advanced Electronics Design.” by 
Dr. A. k. Middleton, P. R. Mallory & Co.. Ine.. the rela 
tionships of specific materials components and circuit 
ler hnique s. are analyzed in terms of organie growth. The 
future achievements of production and business auto 
mation, simplification of complex equipment, and other 
new areas of electronic design, are seen to comprise a 
materials selection and application job ot vast propor 
tion.” See page 100 


MOTOR NOISE. When a machine is too noisy, everybody 


knows it. And the plant people, quite naturally, are apt 
to blame the equipment manufacturer. But if the whole 
truth were known, as it often isn’t, the equipment manu 
facturer may be only a scapegoat—the real problem being 
1 combination of a noise-producing motor and a noise 
supporting environment. To help the equipment designer 
caught in the middle, R. L. Wall shows how to analyz 
the noise-producing capacity of a motor and determine 
the resulting noise level in a specific environment, o1 
conversely, how to translate an ae ceptable noise level back 


into a motor-noise specification ee page 112. 


COPPER-CLAD 


hoards 


FLUOROCARBONS. PI’ rinted 


for high performance requirements often demand 


wirin 


a combination of properties that cannot be matched by 
standard laminates, even by newer forms such as the 
epoxy-glass and leflon-glass materials. Although Teflon 
polytetrafluoroethylen provides an outstanding com 


bination of properties, it is not too easy to bond copper 


to it, and it requires a lass-cloth support. The Research 
Division at International Resistance Company therefor 
tackled the other fluorocarbon now widely used pols 
chlorotrifluoroethyiene and has been successful wu 
developing a non-adhesive method for bonding this poly 
ner to copper without the use of chemicals, thus essentially 
preserving its original and virgin electrical, thermal, chem 
ical, and physical properties \ number of important 
ipplications have been evaluated, most of them in the 
military fields. Test data are 
by IRC’s L. B. 


10 


provided in a dist USsIOn 


Allen and S. J. Stein, beginning on page 


ELECTRICAL MANUFACTURING 





belectrical 
Vlanulacturing 


DESIGN ENGINEERING. In keeping with the theme of 
the Design Engineering Show to be held in Philadelphia, 
May 14-17, this month’s cover places a practical interpre 
tation on design engineering of an end product. Chosen 
as typical of a piece of “original equipment” is the Model 
170 Size-Matic internal grinder with automatic size con 
trol, made by the Heald Machine ¢ ompany, Worcester 
Mass. It uses an electrical feedback system that antici 
pates output running off size before trouble occurs. Into 
this automatic production machine is built all kinds of 
electrical and mechanical parts Their 


choice is a problem in Design kngineering. So is the de 


plus materials. 


sign and deve lopment of the « omponents themselves. Here 
materials are the warf and woof of the parts structure 


Ihis philosophy is spelled out in the Editorial on page oi 


MECHANICAL COORDINATION. In modern automati: 
production machinery, selfishly perhaps, we editors like 
to believe that what makes automation click is the com 
plex electrical or electronic control system imposed on 
some relatively simple mechanism. There are times, how 
ever, when we have to admit that if three or four inter 
mittent functions have to be kept in step, regardless of 
old-fashioned elements may 
provide the best answer. This turned out to be the case 


speed, rood 


mec hank al 


in the design of the Hautau forming and inserting machine 
for cuffed motor slot insulation. The automatic cycle is 
nitiated and stopped electricaiiy but functions of feeding 
forming. inserting and indexing the slots is accomplished 


with machine-design-textbook components like gears 
links. levers. crankshafts and a Geneva movement. Use of 
simple harmonic motion leads to high speed without undue 
shock. Better take this refresher course in applied mech 


misms. beginning on page 124 


SELENIUM RECTIFIERS. bvery 


ambient temperatures and to self-generated heat due to 


component is sensitive to 


inevitable “losses.” Invariably this condition poses the 
problem of determining safe operating temperatures as 
related to load and life. This is particularly true with 
reeard to selenium rectifiers. which today are faced with 
need of Ope rating at higher ambients and operating tem 
peratures especially in military applications The manu 


facturers have all been working on the development of 


high-temperature types but no definite standards of pet 


formance have been set up. In order to evaluate the 
performance of such rectifiers and to establish realistic 
specihcations the Signal Corps sponsored a testing pro 
eram at Battell \ study was made of the pattern of 
failures so that life could be predicted on the basis of 
trends in selected parameters. One measure found to have 
a high degree of correlation is the ratio between input 
ic current and reverse leakage current. With this figure 
of merit, different makes of rectifiers can be compared 
on the basis of a short-time test. Messrs. Bechtold and 
Morris of the Signal Corps Laboratories in their review 
of this work also report using the same test data as the 
basis of proposed derating curves for both conventional 


and high-temperature selenium rectifiers Page 128) 


FOIL TANTALUMS FOR 125 C SERVICE. 


electrolytic capacitors are not new at this date. They are 


Tantalum 


increasingly used in both commercial and military equip 
ment. where the low leakage currents and unusual shelf 


life characteristics 


imong other inherent characteristics } 


ire of practical significanes But 85 C has been the usual 


limit of operation There is a report from Sprague 


Klectric Company (page 134) deseribing the construction 


and summarizing the characteristics of a high-reliability 
125 ¢ 


talum elec trode ~ 


unit. Construction used here is based on foil tan 
similar in physical structure to the 


iluminum electrolytic capacitors 


THYRATRON CONTROL. We're going to feel pretty sad 


next month. not having a sixth article from Messrs. Chin 


and Mover on 
these past five 


rrid-control circuits for thyratrons. In 
month we ve 
for the thoroughness 


And of COUPSE we ve 


grown to admire these 
authors and clarity of their writing 
alwavs felt warmly towards the 


which has done much in building the field of 


industrial electronics. So it is with sentimental feelings 


thyratron 


that we present this month the fifth and coneluding article 
in the thyratron series. The authors wrap it up with a 
discussion of the application of peaking and interphase 


transformers to thyratron circuits. Since 


we regard the 
series as a fundamental and lasting contribution to engin 
eering literature, we are making it available in reprint 
form. The five articles are now available in a single bind 
article 


ing. Ordering information is included with the 


vhich begins on page 146 


“HYBRID” SYNCHRONOUS-INDUCTION MOTOR. |: - 
open season below 40 hp for synchronous motors. That 
has been the lower economie limit for the true d-c-excited 
<ynchronous machine. Until recently synchronous opera 
tion in the lower integral horsepower ratings has been the 
province of the reluctance motor 


heen lately challenged by the 
**( haracteristics oft 


This pre-eminence has 
permasyn motor (see 
Permanent-Magnet Svochronous 
Motors.” ELecrricaAt MANUFACTURING, Jan, 1956, p 
Now seeking to retain lead rship for the reluctance motor 
makers call the 


It uses a ou iquely segmented die-cast rotor with 


comes a new variation tits Synduction 


motor 


non-magnetic aluminum “barriers” to 


limit quadrature 
ixis flux and permit greater horsepower output at r 


speeds—see page 145 


chronous 





Research 
Horizons 


Applied Molecular 
Engineering 


‘Engineers need materials to translate 
their ideas into reality and the need 
control over phenomena to produce de 
vice They need to idopt a mode of 
thinking about) engineerin problen 
‘from the inside” of material 

of thi ipproach enginee! 

creator where “at pre ent tive 
empiricist What i tated here 4 
omewhat of a tele coped dehnition of 
molecular engineering i concept 
originally advanced at the 1955 Confer 
ences on Electrical In ulation in in 

ited paper by Professor Arthur R 
on Hippel, professor of electrophysics 
ind director of the Laboratory for Insu 
lation Research at MUI EM 1 ~) 
ON) 

Far from being an academi peeu 
lation, molecular engineering is on the 
read to coming to grip with some of 
practical problems that are being faced 
today by engineers and scientists alike 
Phe VEIT Laborator for Insulation 
Kesearch, for example ha just an 
nounced a Spec ial Summer Program on 
Molecular Engineering August 20 
under the direction of Profe ol 
Hippel. In laboratory and lecture 
ion the program will eover such sub 
jects as the inferpretation of and use 
if ASTM test the irradiation effect 
in mate rial ‘ xplo ion in iseou 
tem reaction mechanism ine Liequate 
ystem 


itme pleri condition mid 


craft de in gas discharge md in 


tion ingle crystal ind dislocation 
mad mechani il property ft material 
arrhcoris other 

Details available trom the MAI 
Othee of the Summer Se hon 
bridge 39. Mass. PLS. Tuition 
nitted, is $200 


Research in 
Reliability 
Relabilit in eben components 
ind ystem it times a 
ining target And at other 
become a trustrating and 
But however you take it 
m become as nothing 
ichieve reliability, or a 
come as close to it as possible 
ith the means in hand. Basically, reli 
ihility is attained by research. This in 
Lancle research in material ind com 
ponent i vell as research in the cause 
ind frequens of failure. Recognition 
fo thu ipproacl reflected im various 
progran feoth toy trelusts rovernment 
ind private research laboratort 


At Battelle Memorial Institute in 
Klectronic Reliabilit 


} 


Division has just 


ween eloup lor the purpose of coordi 


natin md correlati thy u i 


pects of reliability research done at the 
institute during recent years. Such re 


search has pointed toward improved 


design in traditional components such as 


resistors: development in newer com 
ponents such as transistors and semi 
conductor devices generally; study In 
issociated fields including ceramics 
metallurgy, plastics, and operations re 
search. The work has included investi 
gation of component behavior under 
extreme conditions of high tempera 
tures, vibration, shock. and now under 


nuclear radiation 


Not-So-Automatic 
Assembly Systems 


Perhaps it’s heresy, but here and there 
engineers have been taking a second 
look, and a hard one, at automatic as 
embly methods for electronic equip 


ment. In at least one instance a verv 


Checking Bond Strength of Cop- 
per-Clad Laminates. Engineers 
at’ National Vuleanized Fibre 
Company have developed the 
pushbutton operated, motor 
driven test device shown here to 
check the bond = strength of 
copper-clad plastics laminates 
against requirements of MII 
P-13949. A constant cate of ver 
tical pull at 2 in. per min is 
applied to copper foil of a l-in 
wide test strip Test gage dial 
gives readings for bond strength 
directly in pounds, Device may 
be placed on top of laboratory 
oven with specimen inside for 


tests at elevated temperature- 


FLECTRIC AL MANUFAC 





LOOK AND LISTEN WITH 


Essential elements in the nation's commu- 
nication systems are the Newport Steel 
products used in manufacturing equip- 
HT mom teas] umole M1) ileal Meaelel(e) 
and television, printing, publishing and 
daily mail. Many other industries also 
rely upon Newport's precision operations 
to supply quality materials that go to 
serve government, armed forces, industry 
and home. Strategically located in the 
heart of America’s greatest industrial de- 
velopment, this 70-year-old organization 
has the modern facilities and experi- 
enced personnel to deliver every order 
to exact specifications and make Newport 
Steel the most logical source for your 
are Le 


ECONOMICAL WATERAIL-TRUCK DELIVERY 


Id-Rolled Sheets 
Hot-Rolled Steel 
Hot-Rolled Pickled Steel ir 
Hot-Rolled Sheets 
Hot-Rolled Pickled Sheets 

salvanized Sheets 
Galvannealed Sheets 
Colorbond Sheets 
Electrical Sheets 
Alloy Sheets and Plates 
Electric Weld Line Pipe 
Roofing and Siding 
Eave Trough and Conductor Pipe 


Culverts 


/ CORPORATION 


aceon NEWPORT, KENTUCKY 


oo 


CENCE (6 JUSTIFIED WHERE THIS FLAG FLIES A SUBBIDIARY ) r HAPMAN & 6CO 





RESEARCH HORIZONS 


nyeniou yetem had to be pulled 
undergoing complete design 


difficult 


obtaining alignment of com 


mack ands 
revamping. Cause of trouble 
in correctl 
ponent le ad critical positioning of 
component 


maintenance and service 


problem In another instance, the need 


for specially designed components in 
curred costs that outweighed the pre 
umed economi over the previously 
ised conventional assembly methods 
There is no inference that automatix 
issembly ystems are not successful 
when properly applied. But it is felt that 
progress may have to be slower than 
anticipated, And in many instances, as 
omeone phrased it, we mustn t assume 
that an automats ystem must nece 
sarily be better than the two good 
hands and two yood eve of an operator 
working on a conventional mer yo 


r 


round” production line! 


New Quartet of 
Chlorofluorocarbons 


Kesearch quantities of four new chloro 
fluorocarbon compounds are now being 
available by Hooker Electro 
mechanical Company, sales develop 
ment department, Niagara Falls, N. ¥ 
Applications are indicated as follows 

1. 2,.3-dichlorohexafluorobutene-2 {or 


compounds used in plastics 


made 


relrigera 


tion, and protective coatings 


among 
other application 

2. 1,2-dichlorohexafluorocyclopentene 
/ in the preparation of polyester resins 
polyamide resins, hydraulic fluids, and 
elastomers, Other reactions of this ma 
terial result in coolants, dielectrics and 
refrigerants, among many other uses 

}. 2.2.3. 3-+tetrachlorohexafluorobutane 
leads to a series of compounds with 


possible value as dielectrics 


coolants 
and refrigerants. This material is also of 
interest in protective coatings 

b. 2.2. 3-trichloroheptafluorobutane ex 
hibits resistance to common oxidizing 
agents This property, in conjunction 
with thermodynamic and electrical char 
icteristics, suggests applications as a 
coolant, a dielectric, and as a refrig 


erant 


Ahead of 
Tape— 


Limiting lactor in magnet recording 
design at present is the recording media 
ace ording to some authorities, ‘I hrough 
out the history of magnetic recording 
cle velopment there’s been a constant 
race between progress in recording and 


reproducing heads and 


progress in 
media, with one or the other forging 
to the front. But as of today, recording 
tapes appear to lag behind the perform 


ince capabilities of the heads 


\ number of heads developed lor 
special and critical applications have in 
particular sel up challenges for lapes 
ol commensurate perlormance Essen- 
tially it becomes a materials problem 


ivailability of Mylar 


polyester film has made it possible to 


lor example, the 


develop recording tape of superior me 
chanical strength particularly useful in 
Other de 


elopments are in active research stage 


instrumentation applic ation 


Radiation Trouble 
in Transistors? 


The effect of high-energy radiation o1 
the critical molecular structure of tran 
sistors may be disturbingly adverse 
An imbalance —even of “trace” impurity 


nature may seriously 


impair cireutt 
performance, This is indicated in some 
current investigations. It may be ironi 


that the glass- or ceramic-enveloped 


electron tube may be found superior to 
the transistors in certain applications 
where radiation exposure is critical. But 


this is just hazarding a possibility 


Improving Mica 
Specificaticns 


Natural materials, like mica, continue 
to maintain their place in the modern 
world despite the emergence ol so many 
new materials out of the laboratory. In 
some respects, they possess inherent 
properties that cannot be duplicated 
Natural mica, for example, has never 
relinquished its position as a top-rank 
dielectric material, Its importance is 
currently being re-afirmed by ASTM 
Committee D-9 on Electrical Insulating 
Materials in setting up a new project for 
the improvement of existing mica speci 
fication. Publication of revised sper ihica 
tion is expected within a few months 

Other current major projects of the 
committee include: 

1. An accelerated program for de 
veloping suitable test methods for char- 
wterizing thermal capabilities of insu 
lating materials 

2. Methods for testing effects of cor 
ona discharge 

3. Methods of test for magnet wire 
insulation (in conjunction with a na 
tional standardization project centered 
in the ASA) 

1. New recommendation dealing with 


significance and usefulness of tests. 


Powder Metallurgy Parts 
for Radiation Resistance 
Owing to a lattice 


powder 


distorte d 


structure, a 


highly 
inherent in its 
metallurgy part is likely to exhibit less 
damage from nuclear radiation than 
parts made by other methods, where 
highly ordered lattices would not be 
likely to behave well in a neutron flux 


Sintering, however 


would have to be 


weomplished at a sufficiently low tem 


lattice 
distributed, tor 


optimum behavior under radiation, This 


perature so as to leave the 
disorders randomly 


timely aspect of powder metallurgy 
applications was discussed recently by 
Dr. Henry Hausner, manager of atom 
energy engineering, Penn-Texas Corp 
in a chapter meeting of the Americar 
Society for Metals, as reported im the 
March issue of Metal Revieu 

Powder metallurgy methods are being 
considered, Dr. Hausner stated, in some 
applications of beryllium, zirconium 
thorium and uranium. Zirconium and 
thorium appear to be the most easily 


adapted to these methods 


Applied 

Cryogenics 

Cryogenic or ultra-low temperature re 
search in the behavior of materials is 
being actively pursued both in govern 
ment and industry laboratories. For ex 
ample, certain metals subjected to abso 
lute zero become superconductors. (EM 
2.56/8) Standard Automation Products 
Division of General Industries of Amer 
ica, Havertown, Pa.. now announces a 
“cryogenic” process for machining plas 
tics parts under controlled low tempera 
conditions. Al 
though these temperatures are not of the 


ture and atmospheri: 
with the term “cryogenic” they do get 
extreme low range normally associated 
20 F to —110 f 
Standard Products employs conven 


down to the range of 


tional Swiss automatic screw machines 
and other conventional mace hining equip 
ment. Salient advantages claimed for 
this process are improvement in dimen 
sional stability and in obtainable toler 
parts. Also 
production rates, im 


ances of finished fewer 


rejects, taster 
creased uniformity, better surface fin 
ishes and elimination of secondary fin 
ishing operations. The process is said to 
be particularly useful where it is nor 
mally difficult to fabricate plastics mate 
rials with high coefficients of thermal 
expansion 

Typical parts produced by the process 
include gears, fasteners, and variously 
shaped parts. Best adaptable plastics 
for this process are nylon, polyethylene 
acrylics and other machinable plastics 
with a coefhcient of linear thermal ex 
pansion in the range of 4% 10° to 
9 10° per deg I 


used are a function of the type of plas 


Actual temperatures 


tics being machined. the cross-section 
area, the configuration of the part, and 
the actual machining operations being 
performed. Humidity must be critically 
controlled to avoid any undesirable 
frost accumulation. Although there is a 
transient change in the properties of the 
plastics material during the machining 
process, no permanent change has been 


found in the finished parts 


—A. E. J. 













SORENG STANDARD 


o—~ SNAPAC SWITCHES 


WK 







OFFER YOU // RUGGEDNESS 






HIGH CAPACITY 






ECONOMY 





f SNAPAC pin plunger switch operates 
Pe, within 1/32” to 1/16” pre-travel. 
. Total 3/32” te 1/8”. 







USED BY MAJOR MANUFACTURERS FOR OVER 4 YEARS 


The Soreng SNAPAC line is designed to 
provide rugged, dependable switches for 
































. the broadest range of snap action switch — 
applications . . . at a realistic cost. The 
features listed define the characteristics : a mounting SNAPAC 
a : . ‘ witch for extra over 
of long life inherent in SNAPAC Switches. pe ag : wavel veuuiomtbibe 


Pre-travel 1/32” to 1/16”, 


For complete information, we suggest you 
Total travel 1/4” to 3/8”, 






consult with a Soreng engineer or write 
for technical literature. 







Electro-mechanical Features 


e Instantaneous, positive make and break 







action 






° e High contact pressure 






e Non-sensitive to vibration and shock 





e Stable under momentary high overload 





° e Available S P S T normally open or Lever actuating SNAPAC Switch ‘ 
closed, or SPOT for low operating force . . . oe 
operating travel to 1/4” nominal, NMG, ‘\ 
Rating: ee: 





— 











a 





15 amp 125 V. A.C. < 


10 amp 250 V. A.C. 
1/2 h.p. 125/250 V. A.C 


Listed by Underwriter’s Laboratories 















Write for SNAPAC Bulletin SL-3 L Tal 
es Controls—tor Modern 
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CONVENIENT 
WAREHOUSES 


PITTSBURGH (19) 

2850 Second Ave 
CLEVELAND (3) 

5318 St. Clair Ave 
ST. LOUIS (1) 

Central Terminal Bidg. 
CHICAGO (18) 

3900 N., Elston Ave 
NEW YORK (13) 

140 Sixth Ave 
PHILADELPHIA (30) 

1632 Fairmont Ave. 
CINCINNATI (2) 

424 Commercial Square 


You can build extra quality into your prod- 


ucts by using the special characteristics of 


Hussey Copper or brass. Take advantage of 
lifetime durability . . . corrosion-resistance 
... high efficiency heat transfer and elec- 
trical conductivity ... and fine appearance. 
Profit, too, from the easy workability of 
Hussey Copper and brass that lends itself to 
basic production economies. 

Order Hussey Copper and brass direct 
from the mill or from the closest of seven 


convenient warehouses. 


c. G. HUSSEY & CO. 
(Division of Copper Range Co.) 
ROLLING MILLS AND GENERAL OFFICES 
PITTSBURGH 19, PA. 


SHEET e WIRE e COILS 
ROD e STRIP @ TUBING 
ROOFING PRODUCTS 
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YOUR DRAFTING TIME | __ RSTn 
AND COSTS WITH | NANNY 
CLEARPRINT A 


\\ 
‘“FADE-OUT” PAPER __ ay 
ce | 4 ry PIB E he 008 a) 71 ce "VY, 


LZ 


quickly rendered to scale with the 
accurate blue grid lines to guide you. 


UTR 1 | ee 


i 
the grid lines disappear completely, FD 
giving sharp, easy-to-read copies. Yy 
Leading engineers and designers oy ANY <4 
report that Clearprint Fade-Out XY / MANY AY) 
Paper speeds up their drafting 10 [72> ww / / 


; VOAAAMA 
to 15% ... cuts their costs pro- GH yy | 
portionately. And Fade-Out Pa- F LZ 
per gives them prints which are Gy 
sharper and easier to read, be- ZN 
La a 
JJ 


cause grid lines do not reproduce. 


Clearprint’s perfect working sur- 
face invites pencil and pen — lines 
are sharp and clean. It withstands 
repeated erasures, too, without 
the slightest ghosting. 


See how Clearprint Fade-Out 

Paper can solve your drafting 

problems. Order a trial roll now, .., the sizes you need for ready use (42” wide 
and apply it to your various draw- by any length) 

ing needs, 


Available with grids ruled 


4x4, 5x5, 8x8 and 10x10 ... for fast sketches and calculations 
lines to the inch. 


Printed on CLEARPRINT —- America’s Finest Technical Paper , 


CLEARPRINT PAPER CO. ” 
1482 - 67th Street, Emeryville, Calif 


Please send me sample Clearprint “Fade-Out” sheets, with prices 


Send me Clearprint sampl with price for the following uses 


323) 2 is BELIEVING! | 


Ask your dealer for samples, or send coupon | 





eB General hilectric 


Design for more power-per-pound... 


“Most Important Contribution 
to Lower Transformer Costs 
in Twenty-Five Years,” 


reports George Pappas, Chief Engineer, 
N. Y. Transformer Co., Inc., 
Alpha, N. J. 


“During my twenty-five years of ex 
perience with radio and TV trans 

formers, I have found no cost-cutting contribution that 
can equal General Electric’s new Permafil 73515. With 
this new insulating varnish, we at N. Y. Transformer 
have been able to pioneer special impregnating tech 


niques which reduce lamination weight 25%, copper 


weight 15%, and cut cure times in half.” 


G-E Permafil insulating varnish makes possible 


substantial savings in materials. weight, cure times 


General Electric Permafil 73515 
offers many advantages to the electrical 
manufacturer looking for ways to re 
duce costs. Used on transformer coils 
for example, it yields void-free insula 
tion that 


heat dissipation and provides relatively 


eliminates corona, increases 


constant power factor over a wide range 


of voltages and temperatures 


Saves metal: The superior heat dissi 


pation of Permafil 73515 insulating 


varnish permits the operation of insu 
lated structures at higher ratings than 
are possible with conventional var 
nishes. Conversely, it permits the re 
tention of ratings while achieving 
significant reductions in the size and 
weight of electrical equipment—saving 
lamination weight, copper and other 


component metals. 


Cuts cure times: Offering a fast cure 


time, G-E Permafil permits shorter oven 


bakes. This means faster, more econom- 
ical production and increased oven 
capacities as well. 


Many applications: An idea) general 
purpose resin for insulating coil struc 

tures by impregnation, casting, potting 
or encapsulation, this low-viscosity 
polyester is suggested for use on vibrat 

ing power tool coils, FHP stators, trans 
formers and magnet « oils. Chec k coup m 
for technical report! 


Progress /s Our Most /mportant Product 


GENERAL @ ELECTRIC 





Insulation Neus 3B) 


.with General Electric insulation 


os 
=) 


Generator coils wound with flexible, 
void-free G-E Mica Mat tape 


Handy chart aids you 
in varnish selection 


To simplify the selection of insulat- 
ing varnishes, General Electric has 
prepared a handy “How to Select” 
chart, available free to electrical 
manufacturers. Listing the various 
grades of G.E.’s well-known 9700 
series, it tells how to choose them 
according to viscosity and cure time 
requirements. Deep-curing G-E 

varnishes are dis- 
tinguished by high 
dielectric strength, 
excellent hot and cold 
bonding strength, 
outstanding chemical 
resistance. Check 


coupon for free ¢ hart. 


Facts you should know about 


modern mica insulation 


G-E Mica Mat offers all the perma- 
nence and stability of mica plus new 
flexibility and handling ease. Com 
posed of countless tiny mica plate 
lets in continuous sheet form, it is 
easier to wrap—and more uniform 

than conventional pasted mica Void 
free, it offers excellent dielectri« 


strength, corona resistance, low 


power factor. G-E Mica Mat prod- 
ucts include tapes and wrappers, 
composite sheets, segments, If you 
have not yet re 
free 
copy of the G-E Mica 
Mat booklet, just 
check and mail the 


coupon be low! 


que sted your 


G-E Irrathene” tape dielectrics reduce 
| 


size, permit higher temperatures in 


high-frequency capacitors 


Used as a dielectric in high-fre 


E Irrathene 
tapes achieve signific ant reductions 


quency capacitors G 


in capacitor size and permit opera 
tion at higher temperatures. Thess 
irradiated polyethylene tapes im 
prove the performance of trans 
formers, wire and cable, and ele« 
trical motors by offering high corona 
starting voltage low corona intensity, 
excellent voltage endurance, high 
dielectric strength and good insula 
tion resistance, Where can you use 
these new insulating tapes? Check 


coupon for more information 


TECHNICAL SERVICE AVAILABLE 


Technical service on insulation problems is readily 


available from General Electric's nation-wide sales 
offices. For more information on any of the G-E in 
sulating products described on these pages, just fill in 


and mail the coupon. 


Please send me 


Mic 


INSULATING VARNISHES« IRRATHENE® IRRADIATED 
POLYETHYLENE + SEALING AND FILLING COMPOUNDS 
G-E MICA MAT+VARNISHED CLOTH AND TAPES 
PERMAFIL RESINS « SILICONE INSULATION 


General Electric Company 


Laminated & Insulating Products Department 
Section EM 5-6, Coshocton, Ohio 


more information on 
Permafil 73515 
1 Mat insulation 


G-E 9700 varnishes 


Irrathene® tapes 


Zom 





many models of HELIPOT* 
precision potentiometers are 
stocked for immediate shipment 
...our engineers will gladly 
adapt standard HELIPOTS to your 
requirements ...or build 


entirely new HELIPOTS for you. 


for information and specifications 


.. write for data file 502 


i ee 


a guy named Og 


Once your name was Og. You tired of shouldering 
mastodon steaks...of dragging your mate by her hair. 


You invented the wheel. 


Later, your name was Watt. Steam made your kettle-lid 


dance...and the Industrial Revolution was on. 


Yesterday, you were a bicycle mechanic named Henry...today, 


your brainchild’s descendants are counted in millions. 
Your name is legion. You created every linkage... 
every device...every system. 

You're an engineer. 


You make things work better... faster...more accurately 


...more economically. 


Next week...next month...next year...some system will need 
a better, faster, more accurate or more economical 
means of recording ...or indicating...or computing...or 


controlling a process. 
You'll want precision potentiometers. 


You'll discover that Helipot makes the most complete line... 
linear and non-linear versions...in the widest choice 


of sizes, mounting styles and resistances. 


p ot jirst in precision potentiometers 


Helipot Corporation /South Pasadena, California 
Engineering representatives in principal cities 
a division of BECKMAN INSTRUMENTS, INC. 


You're an engineer 
Your career is in 
the making 
Helipot would like 
to hear from you. 





UTC products are the most copied in the world. This is only natural, since we — 
maintain the largest laboratories and engineering staff in our field. However, 
copying alone cannot provide the measure of uniformity and reliability inherent 
in UTC units. To provide for the maximum in quality and reliability, continuing 
programs of quality control and quality improvement are constantly maintained in 
our laboratories. 


WHAT MAKES 
TRANSFORMER 
ess FAIL? 
ustrat 
of the Ure Re -_ 
Oratory in act) 
the answers. 


lability Lap. 
On... finding 


A large aircraft company. . .“‘Our vendor analysis for past year (thou 
sands of tests) shows zero rejects.” 

A large electric company... ‘Consistent quality has placed you as our 
#1 source...are grateful for the aid you have given our own quality 
control staff.” 

A large military electronics company. . .““Switching from former vendor 
to UTC has saved us 18% of transformer and filter cost by reducing 
manufacturing costs 

A large instrumentation company...“‘We haven't had one field failure 
in fifteen years’ use of UTC parts*.” 


"Over 100,000 units 
i] 


: PP. A _ 
Ws WY /T y 3 LTE Ze 


1530 VARICK STREET a NEW YORK 13, Ww. Y 


EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N.Y CABLES: “ARLAB 
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What do Machine Builders like most about 
SQUARE D’s New Machine Tool Relays ?..- 
; SMALL SIZE! 


No wonder the welcome mat is out for 
these new 10-ampere, 600-volt relays. You've 
always had a warm spot in your heart for 
compactness...and here it is! Let the dimen- 
sions speak for themselves— 

2-pole Type DO-22 (at left) 
measures 3%c" high x 25%" widel 
4-pole Type DO-42 (below) 
measures 3'c" high x 2'%e" wide! 
But that isn’t all. You take these relays apart, 
in 20 seconds, from the front. No “tear 
down” space is needed—absolutely none! 


i 
r 
' 
' 
}- 
' 
r 
| 
I 


= 
Class 8501 
Type DO-22 


Small size isn’t the only reason 
machine tool builders welcome these 
new relays. Anything that's good for 
their customers is good for them—so 
they're not overlooking advantages 
like those shown on the opposite page. 
After all, there’s something mighty 
satistying about the customer's nod 
of approval when he sees the time- 
proven [DD] nameplate on the relays 
that help control his new machine. 


Class 8501 
Type DO-42 
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And these 4. Advantages 


make real sense to the 
men who BUY and USE the meres ik 


NO MOUNTING WworRRIES OUTSTANDING 
PERFORMANCE 


When more contacts are required, the 4-pole 
relay (DO-42) can be substituted for the 2-pole Balanced construction reduces 
( p0-22). Both have identical base plates. wear on single moving part... 
results in long life and safe- 
guards against down time. 


RESISTS 

DAMAGE 

Plastic impregnated 
molded coil is un- 
breakable, operates 
cooler, is dimen-* 
sionally stable and 
impenetrable by 
water and oil. 


Lit ie ee 


20-SECOND 
DISASSEMBLY 
Simply loosen two 
screws and the en 
Packaged Parts Kits make normal tire device is dis- 
easier than ever. Any way you ' assembled for nor 
elays are tops. Small in size— mal maintenance. 


maintenance 
look at it, these new F 
long on features and performance. 

write for Bulletin 8501. 


For the complete story, 
D Company, 4041 North Richards St., 


Milwaukee 12, Wisconsin. 
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Wire packaged in Phelps Dodge special “Pakeze" containers if required 
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If it Calls for MAGNET WIRE—Call on PHELPS DODGE for 


INDUSTRY'S MOST COMPLETE, 
MOST UP-TO-DATE LINE! 


Every type of insulation to meet design requirements. 
Enamel + Formvar « Sodereze” «+ Bondeze" + Dagla * Thermaleze* 
Silicone + Paper « Cotton «+ Multiple Combination 


Available in all sizes and shapes—-round, square, rectangular, 


Over 400 different ty pes! 


Special emphasis on research and development — your assurance 


of the latest advances in magnet wire. 


Vast background of application engineering experience to help 
solve your problems. 


INCA MANUFACTURING DIVISION 


FORT WAYNE, INDIANA 





CLARE 


Spring-driven Stepping Switch 


(TYPE 11) 


Latest in CLARE line of unl- 
selectors, or rotary switches for 
completing, interrupting or 
changing connections in a suc- 
cession of electric circuits in 
response to momentary im- 
pulses of current. Provides 
millions of steps without read- 


Electromechanical 
Latching Relays 


Assembly consists of 
two CLARE a-c or d-c 
relays with interlocking 
armatures. One a-c and 
one d-c relay may also 
be used. Many of these 
relays still operating 
satisfactorily after well 
over 15,000,000 opera- 
tions. Send for CLARE 
Bulletin No. 118. 


justment. Send for CLARE Bul- 
letin No. 121. 


New CLARE RELAY designs 
keep pace with demands 


of modern high-speed equipment 


CLARE RELAYS for use in modern high-speed devices differ 


CLARE 


Mercury-Wetted Contact Relays 


A relay of the utmost 
accuracy and depend- 
ability which is capable 
of over a billion opera- 
tions at speeds to 60 
operations persecond. 
Cutaway view shows 
mercury-wetted con- 
tact switch sealed in 
glass. Available with 
up to 4 switches for 
multiple circuits. Send 
for CLARE Bulletins 
Nos. 120 and 122. 


in size, shape, appearance and characteristics to meet a 
wide range of design requirements. 

One factor they have in common—ability to deliver ac- 
curate and dependable performance for millions, yes even 
billions, of operations WITH NO MAINTENANCE WHATSOEVER. 

A few of these outstanding CLARE developments are 
shown, ‘There are many more. If your relay problem is new 
or unusual, CLARE sales engineers, located in key cities, may 
be able to bring you quickly just the relay you need, Contact 
C. P. CLARE & CO., 3101 Pratt Blvd., Chicago 45, Illinois. In 
Canada: C. P. CLARE & CO., 659 Bayview Avenue, Toronto 17. 
Telephone: Mohawk 3 


Cable address: CLARELAY. f 


CLARE 


High Frequency 
Impulse Relay 


A highly sensitive relay com- 
pletely free from contact bounce 
and capable of billions of opera- 
tions at extremely high speed. 
(Will follow up to 2,500 CPS.) 
Send for CLARE Bulletin No. 117. 


ay 


Type J Heavy-duty 
Contact Relay 


increased current carrying capacity is 
provided by the use of silver heavy-duty 
contacts which are riveted to the springs. 
Rating of 10 amperes, 274 volts d-c. Has 
exceeded 500,000 operations on motor 
load of six amperes—inrush current of 
15 amperes—at 70,000 feet altitude. Send 
for CLARE Bulletin No. 119. 


GLALLE RELAY 
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NUMBER 2 OF A SERIES 


PRODUCTION SHORT CUTS 


” ZINC 


DIE CASTINGS ..... 


SEWING UP A PRODUCT DESIGN 


at SINGER 


Part of the story behind the development of the cavity production, achieving dimensionally accu- 


Singer Automatic Zigzagger (an attachment for rate, ready-to-assemble parts. The eight stitch 


use with Singer sewing machines) reveals how 
through the use of ZINC Die Castings—efficiency 
and economy can go hand-in-hand. The castings 
in the new assembly are shown at the right. 

The first consideration in developing the Zig- 
zagger was to establish a basic design which 
would permit milady to simply and efficiently 
create a variety of decorative effects merely 
through the interchange of different stitch pat- 
terns. The ultimate design called for some un- 
usually shaped components which led Singer 
engineers to the specification of ZINC Die 
Castings. These parts are the cover frame, two 
presser bar seats and the eight interchange- 
able stitch patterns. 

The economy of die casting the Zigzagger 


patterns are cast with the sewing design engraved 
on each pattern head and, as can be seen in the 
underviews, unusually shaped cam tracks also are 
obtained on these castings. The smooth surfaces 
of the ZINC Die Cast cover frame require little 
preparation for a handsome 

paint coating. 
ge For possible answers to 


your production problems, 
send for our brochure and 
' > 
—-_ contact any commercial die 
— @ casting company 
oe © te 
ot 
: GB 4 Send for your copy. 


components stems from high speed multiple- Dy. 
» % 

Cat—~y b 

The New Jersey Zinc Company, 160 Front Street, New York 38,N. Y. « 


owes FOR DIE CASTING ALLOYS 


| The Research was done, the Alloys were developed, and most Die Castings are based on 


“HORSE HEAD SPECIAL (vniem cuciny) ZINC 





How Dayton V-Belts enabled 
appliance makers to design 
more efficient, compact Washers 
and Dryers of higher styling! 


Case History Spec. No. Daw irs: 


The Problem: Obtain peak drive performance for 
new automatic dryer designed with a highly re- 
stricted speed range heretofore mprac tical. Reduce 
inherent drive noise 

The Approach: Dev: lop spe ial V-Belts and build 
test machines which will duplicate exact dryer 
conditions 

The Solution: New V-Belt 100% effective in main- 
taining desired speed within required limits, elim- 


ination of drive nois¢ 


; ! 
ful effort 


1 hold 


The Problem: 


1 ft 


mmendat« 
oO] 


notor peed ? gus . _ a | “ 4 | 
| i red tor most effect 


ive 


V-Belts ind Dayton V-Belt 





Case History Spec. No. 114133 


The Problem: Tortuous back bend, limited take-up 
us small pulleys combine to create unusually 


rugged conditions for V-Belt drive on washer. 


The Approach: Build new, highly flexible V-Belt 


with low-stretch qualities and high co-efficient of 


area pl 


friction. 


The Solution: New belt maintains tension, 
nates vibration and “stays put within adjust 


limits. 


elimi- 


able 


The Problem: 


Washe d ( JTS 
ve y ti or selt te t i 
5} iication alle if \ I | )| 
) al 0 i 


small rule S CCIC¢ ( O ( Chic ¢ 18) 
| ] ys ul J { Da rtuous ba k I n | in 1 \ 
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spinning drum 


The Approach to Solution: 


In des pa 4 Ww the necessar fle ili i d en 
2 \ 
I el ith | i€ S« y xil y n 


sion ) ¢ ¢ « ¢ « 
} rat n th small I illeys an { th Cc f I k 
( 00 t O take 1¢ terri Vac 


Case History Spec. No. p13912 


The Problem: To obtain maximum power trans- 
mission for washer employing V-Belt in restricted 


space over sub-diameter pulleys. 


The Approach: Explore possibilities for 
ing a V Belt with unusually low stretch factor 


develop- 


The Solution: New V-Belt produced for present 


production. Follow-up r search and development 


instituted for later improved models. 


Spec. No. D13912 emphasizes value 
The Problem: 


S i limitation 


tremely vi ill 


ldition, made 
1] 
ecial low-stretch « 
naintain tens 
Laboratory and fi 


Belt ind 


red long 


The Solution: 
A V-Belt was 
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automati washer 


Daw ta: 
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Further Development: 


The solution v 
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Wrought Everdur* Cuts Cost in 


THE TRAILMOBILE SHIFTABLE TANDEM — J ruckers often lose time and 
money in shifting trailer cargo, changing tractor or cutting pay 
oad to meet legal axle-weight requirement Now, however, they 
in balanee any load in ju t five minutes by moving the Shiftable 
Pandem Axle Asse ly rrvcacte y Trailmobile Inc., Cincinnati 
Ohio. The axle assen lides forward or backward, as needed 
erdur. It 


low \ mv 
HOW WROUGHT EVERDUR CUT MATERIAL COSTS — Il railimobile first 


tried high-tin bronze castings for the shoes on which the assembly 
gut reject for porosity md wv page in the thin cast section 

i costly problem ind all surfaces had to be finish-machined 
wrought Everdur bar stock suggested by Anaconda’s techni 

cal ¢ pert has surfaces satisfactory as delivered—ready for drill 


ing hole hown above 


HOW WROUGHT EVERDUR CUT LABOR COsTS—! hie castings formerly 
used were not uniform. Hard spots made surface machining dith 
cult and EXPCHISIVE The entire operation was unnecessary vith 
wrought Everdur bar stock reducing labor cost by about 50 
per cent Above) Countersinking holes for screw fastening 


EVERDUR CAN TAKE THE LOADS AND SPLASH —Qnic of the sho 
ht Kverdur installed in the Shiftable Tandem frame 
Alemite fitting in center hole na ol oo wrovide lubrication 
Phe bive ' hie mo il re oads of 2,000 pound 
| istics 
motl ‘ ) ‘ du i len ad. tor un 
trailer cul 
varied mixture 
er metal mu 
lable in f 
family of coy 
\ iterburs { 
or t . 
WROUGHT EVERDUR IS READILY MACHINABLE—Though tough and 
ise, Wrought Everdur is uniform ind pr es no pecial problems 
Qui groove ire shown being milled in the sho 
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from Trangitron 


SILICON 
RECTIFIER 
STACKS 


Voltage rrent Stock 
(volts) Type No 


6 Bridge TD) 2A60F2A1 
» Bridge ) TDI2CIOFIAS 


b Half Wave j TOI 2A60Y4Al 
Half Wave TOI2CIOYIA4 


) Bridge TD! 2A60B3A1 
) Bridge y TD12C40B1A3 
+ Bridge d j TDI2CIOBIAZ 


RATINGS AT 125 C AMBIENT TEMPERATURE 


FEATURES 


— 


RELIABLE OPERATION UP TO 150°C The recognized superiority of silicon rectifiers has now been combined 


with the versatility of stack mounting in two new series of silicon 


VOLTAGE RATINGS UP TO 2580 RMS rectifier stacks. These rectifiers overcome the basic limitations of 


germanium, selenium and copper oxide to provide trouble-free opera 


CURRENT RATINGS UP TO 50 AMPERES tion under the most severe environmental conditions 


Iransitron silicon rectifier cells have established a record of depend 


EXCELLENT REGULATION 


ability in such critical applications as missiles and jet aircraft. They 
are designed to meet the requirements of MIL-E-IC. Four JAN types, 


NEGLIGIBLE LEAKAGE CURRENT the 1N253, 1N254, IN255 and IN256, may be optionally incorpo- 


rated into these stacks. Write for Bulletin Tk-1342. 


D.C Output 


Voltage Stack 
(volts) Type No 


3 Bridge TLOJ20F IAI 
30 Bridge TLOJOSFIAI 


5 Half Wave 2 TL6J20V1IA2 
+ Holf Wave TL6J20Y2A1 


45 Bridge TL4J20B1 A! 

 Bridae* (2)T16J20D1 AZ 

@ Bridge* (2)TL6J20D3A1 
RATINGS AT 125 C AMBIENT TEMPERATURE 


* 2 Stocks Required 


c= Q= -— -< 


Transistors Silicon Diodes Silicon Rectifiers. 
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ARE OUR EVERYDAY BUSINESS 


Find yourself stumped for a dependable source of supply on 
some particular tricky component? If it can be blanked, 
formed, set or stamped of aluminum or stainless steel, 

on high-speed equipment, we can engineer an economical, 


mass-production procedure for making it. 


Possibly, there’s an unusual curvature to handle, a difficult 
joining or closing operation. Our engineers and technicians 
are constantly noodling out new ways and means, 


all in the day’s work. 


Whatever problems your ‘problem parts’’ present, let us have 


a crack at them. A call or letter will get you interested 


attention, at once. 


ALUMINUM™M GOODS 


FIFTH AVENUE BLOG, NEW YORK 10 © MANITOWOC, WISCONSIN ¢ MERCHANDISE MART, CHICAGO 54 
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Automobile windshield side-moulding. Formed 
from stainless steel sheet. Complicated curva- 
ture pattern. Bright polish finish. Rustproof 


Outboard motor fuel 
tank, Welded assembly of two drawn aluminum 
shells and machined fittings, Lightweight, 
corrosion proof. Baked enamel finish, 


Deep drawn aluminum shell (housing), 
in one piece. Smooth, rounded flange. 
Rustproof, lightweight. Many stock sizes 
and shapes available or custom-drawn 
to your specifications, 


Toaster-broiler cover. One-piece stamped con- 
struction. Good looking corner radii—easily 
cleaned—no seams, Beautifully finished on 
specially designed equipment. 


Deepwell cooker assembly, for the mod- 
ern range. Available from selection of 
standard parts. Attractive covers. Vari- 
ous convenient inset utensils, Slight 
changes possible, in housing, pots, in- 
sets, covers, to suit your needs. 


Griddle-grill, range equipment. Stamped 
from thick, easy-to-clean aluminum 
sheet, yet light to handle. Quick, even 

heating alloy assures constant tempera 

ture over surface area, 


Large Fabricating Plants and Rolling Mill 


Over 1,640,000 Square Feet of Factory Floor Space 


Complete Technical Services 
Complete Finishing Facilities 
Long Service-Record of Experienced Employees 


60 Years of Service to Industry 


. <a 


; 
VR y 


ALSO MAKERS OF 


MIRRO 


The Finest Aluminum 
Cooking Utensils 


Range and washer backguard trim. Roll 
formed, end-closed by press operation. Two- 
tone finish achieved by mechanical processes. 





Now...tripled supply 


G-E small fan motor 






STORAGE FOR TRIPLED SUPPLY 
OF OXIDATION-RESISTANT OIL 





ADDITIONAL SUPPLY OF OIL 
FOR EXTRA-LONG LIFE MODEL 





ae isi AOE He 8D OLGA AE 


ec 


STANDARD OIL SUPPLY 


1.5 TO 16 WATTS 
4- and 6-pole 
shaded-pole 





of improved oil greatly extends 
life for extra long-term applications 


Keeping pace with the demand for longer-life domestic Here are more reasons 
refrigerators, freezers and refrigerating condensing why these small fan 
units, General Electric now announces the availability motors—both standard 
of a small fan motor with greatly increased motor and extra-long life-—ar 
life! In step with the forward thinking of our cus your best buy: 
tomers, this new motor life expectancy is the result 


of 1. TRIPLED OIL SUPPLY and 2. OIL WITH 
INCREASED OXIDATION LIFE 


BUILT-IN HUB and special 
shaft mounting threads 
permit the use of simple, 
Here’s how extra-long life was designed into a motor hubless, low-cost fans 


already the leader in its 1.5- to 16-watt power range: saves you money on your motor and fan combination 


first, a new design of oil storage wicks with triple QUIET OPERATION —The vibration-absorbent, one 


oil capacity was added. Next, laboratory technicians piece, cast-iron frame, plus extremely accurate align 


had to make sure that the lubricant used would hold ment, add up to quiet motor operation. 


up during the resultant extra-long projected motor life. SIX-POLE DESIGN —the only one of this size on the 


Approved laboratory testing procedures resulted in market—has been developed for applications such as 


+) S ga ae TTT . i. ] _< rere -@ . . 
he use of a new oil with oxidation life several times home freezer systems, condenser cooling fans, et: 


z . ° “uy , sci! . 
that of the best oil previously used where lower fan and air noise is desirable. 


Combining extra safety factors, increased oil, and EXPERT APPLICATION HELP from G-E engineers is 
additional life expectancy of the new oil thus makes available to you. For complete shaded-pole motor 
possible a projected extra-long motor life where de service, contact your local G-E Apparatus Sales 
sired -and at only a modest price increase over Office. Or write for Bulletin GEA-6134 to Section 


the standard G-E shaded-pole fam motors of this size. 632-2, General Electric Co., Schenectady 5, N. Y 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


SETTING THE PACE IN MOTORS FOR THE AIR CONDITIONING AND HEATING INDUSTRIES 


15 TO 35 MHP 2- and 25 MHP TO 1/12 HP 1/12T01/4 HP 4- and 1/6 10 1/2 HP, 35 MHP TO 
4-pole, shaded - pole shaded-pole and perm 6-pole, shaded-pole split-phase 
split cap 


1/2 HP 1/6710 3/4 HP, 
perm. split-cap. capacitor start 





tHis new DIEHL 


SIZE 11 RESOLVER SETS A 


new standard of 


. a new low in total functional error for a Size 11 Resolver—0.05%! 
An entirely new design concept permits complete machine-winding of the 
units, with resulting high uniformity of product and performance 
Other novel design features enable the resolver to withstand 
altitudes of 70,000 feet without pressurization 
There 
mitting 
400 


CLASS |! are three types 


the 


cycles 


SPECIFICATIONS 


with high impedance, pet 
to be 110 volts at 
low when 


primary 
with 


respons 


excited with 


DIEHL NUMBERS BiIR).) BIIRI-S BIIRI-6 REMARKS impedance, higher 


frequency is desirable ... and compensator 


Type Low wound for temperature and frequency variations. 


t 4 obtainable, with 2 input and 
| Total Functional Error 5% 05% 5% 2 output windings, in either Class I Design with 0.05% 
t ‘ ‘ 


High Compensator 


Impedonce Impedonce Wound 


These types are each 


input impedonce lohms) 


Transtormation Ratio 
| 





Mon. Null Voltoge 
im. v./volt mput! 


Effective Resistance (ohms) 


t 10%, on ohms 
+2 on angles 


when resonoted 


+002 on rato 
t |} on angle 


Qvodrature 


maximum total functional error or Class II Design 
with a maximum error of 0.10% where less accuracy is 
tolerable and lower cost is desired. 

All equipped with pin-type terminals. 
Mating plugs can be supplied for convenient connection 
to computer circuits 


Take 


resolvers are 


a look at the Class I specifications. Note the 


| | new opportunities they offer 


application needs. 


to satisfy unusual 


Weight lounces 


Patents Pending 


Ali meowwted data above toben at slondard tert of 


voltage 
Coase ond shatt wppied with reference morters 


other available components 


A.C, SERVOMOTORS WITH A.C. TACHOMETERS * A.C. SERVOMOTORS WITH D.C. TACHOMETERS 
A.C. AND D.C. TACHOMETERS * D.C, SERVO SETS * RESOLVERS 


DIEHL MANUFACTURING COMPANY 


Electrical Division of THE SINGER MANUFACTURING CO. 
Finderne Plant SOMERVILLE, N.J. 


A.C. SERVOMOTORS °* 
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tough, versatile 


U.S. Ro Y al l te the sheet fabricating material 


that turns designers’ dreams into practical realities 


Is the case, cabinet, cover or other part of your 
product now made of a material which leaves 
something to be desired in... 


Economy? Royalite® assures exact, inexpensive 
prototypes ...lower tooling, finishing and assem- 
bly cost... fewer operations. 


Beauty? Royalite molds readily to shape, detail 
and contour... retaining its eye-catching, sales- 
appealing color and texture. 


Durability? Patented compounding of thermo- 
plastic fortified with rubber gives never-before 


wearability. It’s super-tough to resist impact... 
yet weighs less than any metal. Custom formulized 
to meet specific needs such as oil and chemical 
resistance, moisture-resistance, and performance 
at extremes in temperature. 


See these designers’ dreams come true at 

the Royalite Display, Design Engineering 

Show, Convention Hall, Philadelphia... 
May 14 to 17—Booth No. 130 


US United States Rubber 


2638 Pulaski Road, Chicago 
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Why Dobeckmun’s Dobar-M’ is blue. when pdobar-a (made with 
/ 

Mylar*) was first introduced by Dobeckmun, customers were so impressed with this superior insu- 
lation material they wanted to be able to recoynize it instantly, anywhere. Because of Dobeckmun’s 
extensive manufacturing facilities, it was a simple matter to color Dobar-M a bright, electric blue. 
This new blue color tells you you are achieving maximum dielectric strength in a minimum of space 
in slot cell insulation for integral and fractional hon epower motors. The development of Dobar-M 
| typical of Dobeckmun engineering which takes ideas and puts them to work for you. W hether 


you need tapes, laver or slot cell insulation materials, the next step is to call Dobeckmun ... today. 


- Ka 


Dobeckmun Company, Cleveland 1, Ohio + Berkeley 10, California 


. » 
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ALLEN-BRADLEY 
HEAVY DUTY PUSH BUTTONS 


These new Bulletin 800 heavy duty push buttons are the modernized version 
of that old reliable line of A-B heavy duty stations. Advantages—vuntil now 
restricted to the oiltight stations for machine tool use—have been built into 


these new heavy duty stations—and you'll like the result. 


For instance, each button or pilot light is a self-contained unit which can be 
mounted singly or in groups—vertically or horizontally—in a variety of 


standard Allen-Bradley enclosures, with the name plate reading in the right 
Bulletin 800 heavy duty STOP 


direction. Double break, silver alloy contacts used throughout. Send for 
button ready to mount in en 


Bulletin 800. 


closure. (See below) 


Allen-Bradley Co., 1316 S. Second St in Canada 


Milwaukee 4, Wisconsin Allen-Bradley Canada Ltd., Galt, Ont 


on ALLEN-BRAPLEY 
A small stock of standard com- Pw 4 re i 


ponents lets you assemble any 
special heavy duty station 
There is no waiting for special 


push button stations. 





Left —External 
view of contact 
block showing 
N.O.8& N.C 
terminals 


Right —Internal view of con 
tact block showing double 
break N.O. & N.C. stationary 
contacts. The pushrod corries Two button station with 
the moving contacts name plate and clamp- 
ing ring removed from 


cover. 


A NEW LINE OF ALLEN-BRADLEY HEAVY DUTY 
PUSH BUTTONS 


Allen-Bradley heavy duty push buttons have been 
redesigned to take advantage of the type of 
construction that has made A-B oiltight machine 
tool stations so popular. 


While the new Bulletin 800 heavy duty line is 
not oiltight, it uses contact blocks that have proved 
so dependable in the Bulletin BOOT oiltight push 
™ buttons. Special heavy duty stations can be as- 
” sembled on the job from a small stock of standard 
Xe! components. 


Type AK1B flush head START button Type BK6B ext. head STOP button 


at Several types of operators 
ae " are available, such as standard 

"he ) head, mushroom head, coin slot, 
Y key type, wing lever, and 2 or 
3 position selector switches. The 
buttons can be supplied in dif- 
ferent colors. 


Type EK11B cylinder lock unit Type DK6B mushroom head button 


These push button stations can 
be easily arranged for either 
vertical or horizontal mounting 
—with the name plates reading 
correctly for the desired 
mounting 


Type HK1 1B wing lever ‘ by “ 

selector switch unit Standard enclosures accom- Type HK2B selector switch 
modate up to 8 buttons and 
pilot lights. Enclosures for more 
than 8 units can be supplied 


Write for Bulletin 800. 


Allen-Bradley Co. 
1316 S. Second St. 
Milwaukee 4, Wis. 
In Canada 
Allen-Bradley Canada Ltd. Five button 
Galt, Ont. station with 
Type PK 16 pilot light with 110 v, paet Sgn 
60 cy. transformer. Available 
with 220-440-550 v, 60 & 25 


cy. transformer 


Type FK2B 2 but- 
ton interlocked 
station 





Magners We can handle 
ANY requirements you have 


The group of magnets illustrated above are indicative of the great scope 


* Made to your specifications 


* Any size, shape or coating 
required 

* Send us your drawings for 
quotation 


Write for your 
copy of 
Bulletin GC-106A 
on all 
Arnold Products 


ARNOLD 


ADDRESS DEPT. EM-65 


of Arnold production in this field. We can supply these permanent 
magnets in any size or shape you may need; in weights ranging from a 
few ounces to 75 pounds or more; and with die-cast or sand-cast alumi- 
num jackets, Celastic covers, etc., as required. Complete assemblies may 
be supplied with Permendur, steel or aluminum bases, inserts and keepers 
as specified—magnetized and stabilized as desired. @ Let us handle your 
magnetron, traveling wave tube and wave guide permanent magnet 
requirements, or any other magnetic material specification you may have. 


waw see6 


THE ARNOLD ENGINEERING (SOMPANY — 


SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION 
[ML General Office & Plant: Marengo, Illinois 
Pa°(, DISTRICT SALES OFFICES ... . New York: 350 Fifth Ave, | 
SI 05 Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley St. | 
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Want to use new NEMA mounting dimen- 


sions for integral horsepower motors? 


Do it with A. O. Smith Integrals! Optional frame 


mountings fit NEMA sizes 182, 1864, 213, 215 


Want to keep old mountings but still enjoy 
all the advantages of new NEMA ratings? 

Do it with A. O. Smith integrals! Optional frame 
mountings fit old NEMA sizes 203, 204, 224, 225 


You get these quality A. 0. Smith motor features... 


SEALED STARTING SWITCH 
AND ACTUATOR 
Exclusive development. . . totally-enclosed 
in end frame. No need to remove motor 
from line for switch service 


DRIP-PROOF CONSTRUCTION 


Motor can be mounted in any position 
drip-proof thru 360 cycle simply ro- 
tate end brackets. No foreign matter can 
enter vent holes. 


PRE-LUBRICATED BEARINGS 
Shielded bearings assure protection 
against over greasing .. . provide even 
load distribution under all working 
conditions . . . quiet operating. 


FLECTRICAL MANUFACTI 





integral hp motors have 


frame mountings to fit your product specifications... 


with either mew or o/d NEMA dimensions. 


een no need to change product design or concerns, these motors are backed by a national 
manufacturing processes to enjoy all the ad- network of 270 strategically located factory serv- 
vantages of new NEMA specifications for integral ice stations. 

hp motors. A. O. Smith offers you motors with There’s one near you — ready to provide 24 
optional frame mountings — either the old speci- hour action on all parts and service orders. 
fications or the new. 

Optional frame mount ings for integral hp For more information on A, O. Smith 
motors is one of the features used by A. O. Smith integral hp motors, write for new Bul- 
in “Application Engineering” motors to your par- letin No. EM156. 
ticular design requirements. There’s no need to 
adapt your product to the design limitations of a 
conventional motor. 


Whatever your speed or design requirements, \ 
Through research 3 a better wa 
there’s an A. O. Smith integral hp motor available & ' i y 


to power your products. Integrals are built in sin- 


gle and polyphase . . . in various speeds and fre- 
quencies ... choice of frame mountings for either 
old or new NEMA dimensions . . . C and D 


CR 


150 hp. TIPP CITY, OHIO 
Produced by one of America’s great industrial te " 


flanges with special flanges as required ...1 thru 


application-engineered to match your product requirements 


FULL-ROTATING CONDUIT BOX DYNAMICALLY-BALANCED ROTOR CONTROLLED THRU-VENTILATION 
Can be set at any angle. Designed to Assures continuous, vibrationless, trouble- Cooling system designed for high-volume, 
save motor space and speed installa- free performance and maintains long bear- low velocity air for maximum heat trans- 
tion. Loosen only three screws to ro- ing life. Indestructible laminations are fer. Temperature held to absolute minimum, 
tate conduit base. high-quality silicon steel, assuring longer insulation life 
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Large OD Thin Wall Tubing offers 
New Answers to Design Problems 


Superior specializes in an unusually wide range of analyses, shapes and sizes 


Poday de 
tubing by Superior ar 


ign engineers are finding large OD thin wall 


wers more and more of their design 


problems. Its light weight makes it ideal for ducting, fuel and 


oil lines in aircraft. Thin wall tubing also functions efficiently 


as a low tube. Because of its close 


clean OD and ID surfaces 


an excellent 


pressure heat exchanger 


tolerances, ductility 


Superior 


and bright 


thin wall tubing 1 choice for flexible 
the food 
Other applications include bellows 


lo 


horsepower motor casings 


metal hose for chemical and aircraft industries 


solenoid cylinder cores. 


cylinder liners automobile hydraulic brakes, fractional 


ceramic drills, electron power tube 


anode and cathodes, and casings for radioactive well 


logging instruments 


A number of analyses in large OD thin wall seamless and 


Weldrawn" tubing are available at Superior. Stainless, carbon 
and alloy steels, beryllium copper nickel and nickel 
up OD with .035” wall 
Monel and certain analyses of stainless steel in 
244" OD with 


titanium 


alloys are offered in sizes to 1%" 
maximum 


sizes to 025” wall maximum 


Superior tubing can be supplied in random, multiple or cut 
lengths up to 30 feet, and in any of three standard tempers 


(fully half-hard drawn; full-hard drawn) or 


annealed, soft 
in special tempers required by Government, aircraft and cus- 
tomer specifications. Thin wall tubing can be shipped in special 
cardboard cylinders, to protect it from dents and scratches 
For additional Data 


Memorandum Tube Company, 


information, get your free 
No. 4. Write to Superior 


2021 Germantown Ave., Norristown, Pa. 


copy ol 


Syoerir Jade 


The big name in small tubing 
NORRISTOWN, PA. 


OD—cert 


il 


n 


inal Vv Se in fl 


OD 


ght walls up to 2," 


West Coast: Pacific Tube Company © 5710 Smithway St., Los Angeles 22, Calif. « RAymond 3-133] 





JACK OF ALL TRADES...AND MASTER OF EACH! 


WILCOTROL SERIES G 


Here is a versatile new thermostat for both heating and 
cooling applications... higher rated for new heavy-duty ap 
pliances and medium industrial requirements. Interchange- 
able with former Model F, the new Series G provides for 
differential factory adjusted to customer’s specification, 
simplified calibration adjustment, and a contact mechanism 
not affected by vibration. 


Other new features include screw type or quick connect 
terminals, Positive Off Position-Type G-1 (heater load). 
“Constant cool” position optional on Type G-2 (cooler load) . 
Universal mounting bracket, and terminal cover where re- 
quired. For full information on the new Series G, contact 
The Wilcolator Co., 1001 Newark Ave., Elizabeth, N. J. 


Canadian plant: Mimico, Toronto, Canada. 


SPECIFICATIONS: 


Standard temperature range: 40°F Minimum, 550° F Maximum. 


Special temperature ranges: to customer's requirements 


Type G-1: Contacts open on temperature rise 


PRECEDING 


Type G-2: Contacts close 


on temperature rise 
Switch Mechanism: Single pole, double break, snap action 

Contact Rating: | ype G-1 30 Amp. 125 and 250 volts—AC non. 
inductive load 


Motor Ratings: | ype ©-2 
VOLTS 
120 AC 
208 AC 
240 AC 


RUNNING CURRENT 
14 AMP 
14 AMP 
14 AMP 


Both motor and non-inductive rating 
approved 


LOCKED ROTOR 
60 AMP 
60 AMP 
60 AMP 


Underwriters listed and 


Mounting: Back of panel or in enclosure 


AMP or Arkle Standard shaft size= 
4” flatted to .156". Length to customer's 


oa 


Terminals: Screw | ype 


specification, 
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RCA MEMORY DEVICES: 
FERRITE CORES - TRANSFLUXOR 


oO 
° 


oO 


© 
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RCA-219M1 a torroid-shaped, 0.55-ampere-turn-drive, ferrite 
core; RCA-216M1 a torroid-shaped, 0.95-ampere-turn-drive, 
ferrite core. Both types are characterized by hysterisis loops which 
provide reversal of magnetic-flux polarity when the correct current 


o oO Oo 
© 
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RCA Receiving Tubes for AM, 
FM, and Television Broadcast 
gives characteristics and socket connections 


combination from two associated magnetized windings are coinci 


© 
oO 


dentally energized. These ferrite cores are primarily designed for use 


v 


vatrices of the > > 2 Q S$ as § 1e 
for more than 600 receiving-type tubes and in matrices of the coincident-current type for applications as storage 


IV picture tubes. For your copy, circle devices in digital computers 


v 
oO 


1275-G on coupon below 
RCA Dev. No. XF-1501 TRANSFLUXOR this developmental 
RCA Photosensitive Devices and memory device originated by RCA utilizes a ferrite core, has two 


Cathode-Ray Tubes —contains phy 


| descriptions and data iS, vacuum 


oC 
Oo 


apertures, and exhibits a nearly rectangular hysterisis loop. It can 
ica control the transmission of ac power according to a level established by 


Oo 


nd multiplier phototube mera tubes 


opes ; oscillos and kine 
scopes for specialized use 
circle CRPD-1 


oO 
oO 
0 
0 
oO 
oO 
° 
Oo 
Oo 


oO 
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a single setting pulse. It furnishes an output determined by the stored 
pulse for an indefinite length of time. Once “‘set’’ the TRANSFLUXOR 


does not require an input command to furnish output intelligence 
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For sales information on any of the prod 


2 i) = 


~ 


ucts shown, contact your RCA Representa 


five at the RCA District Office nearest you 


o 


EAST: HUmboldt 5-3900 
744 Broad Street 


5 
Newark 2, N. J 


a 
Sethe atk aia 
CENTRAL: WHitehall 4-2900 
Suite 1181 
Merchandise Mart Plaza 
Chicago 54, iil 
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» Ais eye 4 TINY-SIZE 
a PHOTOCONDUCTIVE 
RAymond 3-8361 “ CELL 


6355 East werEegren Bivd RCA-0604-A head-on 
eR ae Se type cadmium-sulfide cell, 
RCA “PENCIL” TUBES FOR RADIOSONDE METEOR-O- features high luminous sensi 

LOGICAL SURVEY, AIRCRAFT-CONTROL EQUIPMENT, tivity, very low dark current 
extremely low background 

CRPD-105 COMMUNICATIONS, AND UHF TEST APPARATUS noise Signal outp os 
se > S 
RCA-6263, -6264, -5876, -5675, -5893, -5794, -6562, and -6173 approximately proportional to 

among the outstanding features of these types are small size incident light intensity 

light weight, low heater voltage, good thermal stability, minimum Especially useful in light 

pone trolled relay applications 
transit time, low lead inductance, low interelectrode capacitances, controlled relay applications, 

ADDRESS and high efficiency. Applications include oscillator, frequency and in light meters for meas 
multiplier, power amplifier, and pulse detection uring small luminous spots 


7 
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NAME 


ELECTRICAL MA 





/ 
RCA-26140 A 


i } 
RCA 2N139 


D 


RCA 2104 


RCA 2H175 
RCA 2N105 


* 
64 


a4 


RCA-26109 


RCA HIGH-QUALITY TRANSISTORS 
COMMERCIALLY AVAILABLE 


RCA’s high-quality transistors are the result of years 
of experience in research, development, and produc 
tion of solid-state materials and devices. RCA transis 
tors are quality-controlled for exceptional uniformity 
of characteristics and stability throughout long life 
All are hermetically sealed, germanium-alloy junction 
transistors of the p-n-p type. They are useful in the 
following services for commercial and military appli 
cations: low-power af, large-signal af 
if amplifier, and low-noise preamplifier 


rf converter 


RCA COMPUTER-TYPE TUBES PROVIDE 
CONSISTENCY OF PLATE CURRENT 
DURING “ON” CYCLES 


Designed, manufactured, and fully tested to assure 
long-life and stability of operation in “‘on-off’’ control 
applications; all are heater-cathode types. Except for 
type 5915, they are primarily designed for frequency 
divider circuits in electronic computers. 


RCA-5915 
pentagrid ampli 
fier for “gating 
circuits, 7-pin 
mimature type 


RCA-5964 
medium-mu twin 
triode, 7-pin 
miniature type 


RCA-5965 
medium-mu twin 
triode, 9-pin 
miniature type 


RCA-6211 
medium-mu twin 
triode, 9-pin 
miniature type 


RCA-5963 
medium-mu twin RCA-6197 
triode, 9-pin power pentode 
miniature type "rit 9-pin 
miniature type 


ELECTRON TUBES 
AYA TE a 
TTS) 
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ELECTRONIC COMPONENTS 


NEW KINESCOPES AVAILABLE FOR 
PORTABLE AND 


LIGHTWEIGHT TV SETS RCA-8DP4 


RCA-8DP4 has spherical Filterglass faceplate, 
a screen 7%." x 5%", and a minimum projected 
screen area of 35.5 sq. in. Utilizes 99° deflection 
and low-voltage electrostatic focus. Short overall 
length: 10%” and light weight: 3 pounds, make 
RCA-8DP4 suitable for use in portable-type designs 


RCA-14RP4 has spherical Filterglass face 
plate, a screen 124%" x 9%” and a minimum 
projected screen area of 108 sq. in. Utilizes 90 
deflection, and low-voltage electrostatic focus. Short 


overall length: 144%” and light weight: 8'4 pounds 


RCA TEST EQUIPMENT—CHOICE OF CRITICAL ENGINEERS FOR 
LABORATORY, PRODUCTION-LINE, FIELD USE 


Senior VoiltOhmyst —RCA WV-98A new addition to the well-known group of 
RCA Vacuum-Tube Voltmeters features large, easy-to-read wide-vision meter (6'4” 


w:), 
accuracy of * 3 


voltage measurements, direct peak-to-peak 
work-horse,’’ it can really take rough handling 


» full-scale on both a 


and d 


reading of complex waveforms. Your ‘ 


Master VoitOhmyst’ —RCA WV-87A features a 2/-sq. in 
and stability necessary for many laboratory applications 


) 


meter. Has accuracy 
Particularly useful for TV, radar, 
and other types of pulse work; calibrated scale reads peak-to-peak voltages directly 


Uitra-Sensitive DC Microammeter—RCA WV-84A 
currents from 0.0002 to 1000 ua. Can be used as a very-high-resistance voltmeter—up to 
1005 megohms on 100-volt range. As a megohmmeter, resistances to 90,000 megohms 
can be measured. Well suited for use in the fields of biology 
electromechanics 


for reading extremely “feeble” 


nucleonics, chemistry, 
Completely self-contained, portable 


RCA TEST INSTRUMENTS ARE AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 


RADIO CORPORATION of AMERICA 


TUBE DIVISION 


CARDS, PRECEDING BACK 


SEMICONDUCTOR DIVISION 
HARRISON, M.4 
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Construction 


4 lose d, 


Snap action contacts, totally en- 


extra insulated terminals for terminal board 


use. This relay is available in a variety of 


Mountings, 


any and may be mounted on a 


Operates in position, 
grounded surface without additional insulation. Stand- 
ard contact arrangement is single pole normally closed. 
Can furnish single pole double throw where extra nor- 


mally open contact is required 


Operation When power is applied to the motor 
a voltage is generated in the motor phase winding by 
the run winding as the motor accelerates in speed. The 
relay coil in parallel with the phase winding has the 
generated voltage of the phase winding across its ter- 
When 


.. corresponding to the speed at which the phase 
uM 


minals. this voltage reaches a_ predetermined 


valuc 
winding can be disconnected,..the relay picks up, 
opening the relay contacts and disconnecting the phase 


winding from the line 


OTHER PRODUCTS 


Application—Rk-B-M Potential Type Motor Start- 


ing Relays are used to start single phase capacitor type 


motors where it is impractical or impossible to use a 
centrifugal switch. Such applications as hermetically 
sealed retrigeration and air conditioning motors, xar- 
bage disposal units and deep well submersible pump 


motors usually require relays of this type. 


ENGINEERING DATA 


Potential Motor Starting Relay 
91255 Type 

S.P.N.C., S.P.D.T 

35 Amps. Max. Locked Rotor 
Start Winding Current 


3 H.P. Max.-N.O. Contact Rat 
ed 12 H.P.-230 Volts 


Specifications 
Contact Forms Available 


Contact Current Rating 


Contact H.P. Rating 


Contact Material Silver Alloy or Tungsten 


Continuous Coil Volts Up to 500 V 
Underwriters and C.S.A. Status 
UL File Nos.SA1984 andE12139 
CSA File No. LR 13360 


Component Approval. Must be 
approved on Specific Applica 


tion 


Life Expectancy 250,000 Operations 





f I cteristics other than the above, please consult the factory 


Send for Descriptive Bulletin 1020 


RBM DIVISION 


ESSEX WIRE CORPORATION, Logansport, Indiana 
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ELECTRICAL 
“STEEL SHEETS 


more of them... to help you cut manufacturing costs 


More and more electrical manufacturers 
have turned to using continuous coils of cold 
reduced electrical steels. The reason: faster 
production, better punching quality, lower 
manufacturing costs 
To meet the need for quality electrical 
steels—in quantityUnited States Steel is 
expanding its coil producing facilities and 
will be better able to assist you in meeting 
your electrical steel requirements 
Write, or call our nearest sales office, for a 
free copy of the new Fourth Edition of “USS 
Electrical Steel Sheets,” a helpful engineer 
ing handbook which contains detailed MBIA-GENEVA STEEL DIVISION, SAN FRANCISCK 
curves and data on magnetic and physical wires > ee es ceanae saan “gh ae rOR 
properties for individual grades. United INITED STAI )RT COMPANY, NEW YORK 
States Steel, Room 5281, 525 William Penn 
Place, Pittsburgh 30, Pa. 
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Ju Fractional H.P. Motor... 
FASCQ is the Right Answer! 


Finding a motor rated anywhere from ‘soo to '4 
h.p.... for any application ... is no problem. 
Chances are FASCO already makes one that’s 
exactly right for your application. If not, we will 
design and build it to your specifications . . . at 
no extra cost. So to save time and money it will 


pay you to CONSULT FASCO ...FIRST! 


FASCO inoustriEs, INC. 


nOGCcHeSTER 2, NEW FORK 


This Catalog contains 
complete information 
on FASCO I HP 
Motors...and FASCO 
Blowers rated from 
15 to 275 C.F.M. A 
copy is yours for the 
asking 





Again CTC comes up with an ad 
vancement for more secure, more Tee 
tive electronic assemble It’s the new 
Perma-Torqg* constant tensioning de 
vice for tuning cores of standard C’'T'( 
ceramic coil form 

Cre Perma-Torqg, a compression 
spring of heat treated beryllium copper 
has very high resistance to fatigue and 
keeps coils tuned as set, under extrem 
shock and vibration. It allows for im 
mediate readjustment without removal 
or loosening of any mounting nut or 
locking spring. But most important of 
all Perma-Torq like all CTC com 
ponents 1s quality controlled 

Tre quality-control means you get 
consistent top quality components 
Kach step of production is checked 
each component part even though 


ilready certified is checked again 


And finally CTC’s finished product is 


checked. That’s why CTC can offer you 
i guaranteed electronic component 
standard or custom whose perform 
ance you can depend upon 

CTC researchers and practical ex 


perts are always available to help solve 


your components problem lor 

ple pecification ind price write 
Sales [ngineerin Dept Carabridge 
Thermionic Corporation, 45% Concord 
Ave., Cambridge 38, Mass. On the We 
Coast contact Ik. \ toberts, 5068 We 
Washington Blvd., Los Angeles 16 or 
988 Market St., San Francisco, Cal 
NEW PERKMA-TORG UNI 


plete 


actory assembled to! inti 


elimin 
the bother of assembling ir isting separals 
prings. CT th Perma-lor 
ng Device lesignated PI 
if t 


ure or | y if ' 


é. 
ce a 
no 


CAMBRIDGE THERMIONIC CORPORATION 


makers of guaranteed electronic components 
custom or standard 





EASY TO MACHINE! 


any! wed by 

LATED CiRcUIT INC DOWELL, NJ 
Your printed circuitry a good start 
when you specify one ’ Ss Metal-Clad 


Dilecto prade: sase materia are uniform 


almost homogeneous—therefore easier to 


punch, drill, form...with less waste of expen 


Sive time and materials 


FOUR FEATURES 
YOU GET WITH 


C-D-F 


METAL-CLAD 
LAMINATES 


EASY TO SELL! 


2 4 
Woac: 


Manufacturer: 

Regency transi 

C-D-F a big, reliable 
delivers high-quality lan 
meet exacting production 


better products, made and s¢ 


EASY TO ETCH! 


The closely bonded foil can be 


etched cleanly and dipped in 


hot solder to 220°C. (428°F 


for ten seconds with a guaran 


e of no blistering or separat 


ing. HIGH BOND STRENGTH is 


an all-important virtue of C-D-F 
Metal-Clads 
A nar 2 e by 
INSULATED CIRCUITS, INC 
WEST CALDWELL, NJ 


EASY TO ASSEMBLE! 


Automatic or hand assembly is 
speeded when printed circuits 
are on dimensionally stable 
C-D-F Dilecto. Minimum warp 
and twist. Unlike many mate 
rials, Dilecto can be dropped, 
jammed into tight chassis, 


treated roughly in assembly 
and service 


C-D-F Metal-Clad Dilecto 


A laminated plastic with cop Write for new Metal-Clad 


per or aluminum sheet bonded Technical Bulletin, samples 


tightly to one or both sur of all grades. The name and 


faces. Base materials: paper address of C-D-F sales engi 


or woven glass fabric. Resin 


phenolic eCpOxy, OF leflon 


Good deliveries expert env! 


neer nearest you are listed in 
both Electronics Buyers Guide 


ind Product Design File 
neering and fabricating (Sweet's) 


SCTVIC( 


improves design simplifies purchasing speeds production! 


HEE 


EEL ed 


NEWARK 138. DELAWARE 
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New DynAC' stops motors 
instantly. ..without a ripple! 


Here’s dramatic proof of the smooth, controlled 
braking action of the new Westinghouse DYNAC 
braking controller. Motor stopped instantly—without 
disturbing the water in the glass goblet. “Grab- 
bing” or jerky stops are eliminated with DYNAC 
braking. 

Wherever rapid and/or controlled stopping is re- 
quired, DY NAC can not only contribute an important 
safety factor, but it can save you headaches—and 


you Can Be SURE...1F 17s 


“cy 


Westinghouse swe 


KEADER INQUIRY SERVICE CARDS, PRECEDING 


money—on: (1) production time, (2) material rejects 
and spoilage, and (3) maintenance expense. 

Secause It’s completely electrical, DY NAC requires 
no mechanical apparatus or motor linkage—it simpli- 
fies maintenance. And it comes in one compact, 
spacesaving enclosure. Get the facts on DYNAC’s 
many cost-cutting applications—with every type of 
standard induction motor. Use the coupon below 
for more information on DY NAC, J-20200 


WESTINGHOUSE ELECTRIC CORPORATION 
P.O. Box 868, Pittsburgh 30, Pa. 


Please send me descriptive bulletins 15-600 and B-6572 on the 
new DYNAC braking controller. 


Name 
Company 
Address 


City State 





TO MEASURE A PRECISION BEARING ... 


which would you choose? 


TTT 
12 


@ The micrometer, naturally. Engineers 
designing precision electronic equipment 
make the same choice when they select 

SIE test instruments ... that’s why you'll 
find SIE’s Model M-2 Oscillator and R-1 
Voltmeter in many of the country’s leading 
laboratories 

The M-2 Oscillator covers the audio, 
geophysical and ultrasonic range with 
excellent stability and extremely low 
distortion. The Model R-1 Voltmeter, 
with its flat response D-C Amplifier and 
extremely wide range, provides a matching 
teammate for accurate circuit analysis 


Where precise measurements are required... 
SIE precision instruments are ESSENTIAL. 


SIE Model R-1 VOLTMETER 


© DC: 1 mv. to 1000 volts full scale, 
accurate to 142%. 
AC: 1 mv. to 1000 volts full scale, 
accurate to 3% 
Balanced D-C Amplifier: flat to 100 
ke, gain of 200x. 
Ohms: 0 to 500 megohms, with scale 
expansion. 
Distended DC Scales: for reading 
changes as smal! as one part in 


10,000. / $620 
SIE Model M-2 OSCILLATOR 


® Range: 1 to 120,000 cycles per second. 

® Dial Calibration: within 1%% =+.1 cycle per second. 

© Amplitude Stability: within % db. throughout range. 

® Frequency Stability: within .1% after warmup. 

® Harmonic Distortion, Hum and Noise: less than .2% 
at any level within audio range. 


Output: 20 volts at 20 milliamperes. / $425 


SOUTHWESTERN INDUSTRIAL ELECTRONICS COMPANY Industrial Instruments Division 
P. O. Box 13058 + 2831 Post Oak Road + Houston 19, Texas 





What Design 


Engineers Say About 


CROSS 


PHILLIPS «::° SCREWS 


a 


TITAN THERM-O-DIAL HEATER (Buffalo, N. Y 
is in a highly competitive market where appear 
ince is important. Designer says,‘‘We get a much 
tighter metal-to-metal bond, yet utilize a full 
mass-production assembly, which we could only 
do with Phillips screws.” 


PUSH-BUTTON STATION by Clark Controller Com 
pany, (Cleveland) must indeed be bright as a 
button and unmarred. Says design head, “We 
selected Phillips screws because they permit 
easy assembly with driver slippage reduced to 
i minimum.” 


- 


; 
a 
Fs 


_ 


“A BETTER LOOKING FIXTURE is obtained by the use of Phillips cross 


recessed-head screws on our 8-Tone chime,” says the chime engineer of 
Nutone Incorporated of Cincinnati, Ohio. “If screws must be used on 
the exterior of any unit, | definitely feel Phillips recessed-head screws 


are the very best choice.”’ 


greene, 
& & THE FASTENERS OF TODAY... 


oe 
8 AND OF THE FUTURE 
x marks the spot 


~~ 

. : 
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% © the mark of extv 
Oy & the mark of extra quality 
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Pledged to highest standards... 


The Phillips Screw manufacturers listed here cooperate to turn out 


a uniformly high standard of quality. As sponsors of the Phillip 


Cross-Recessed-Head Standards Committee they adhere to the 


established dimensional standards, gauges, and gauging methods 


which will best serve industry 


Members of Screw Research Association 


American Screw Company « Atlantic Screw Works, Inc. « The Blake & Johnson Co. « Central Screw Company « Continental Screw Co 

Elco Tool and Screw Corporation « Great Lakes Screw Corp. « The H. M. Harper Company « The Lamson & Sessions Company « National 

Lock Company « The National Screw & Manufacturing Company » Parker-Kalon Division, General American Transportation Corporation 

Pheoll Manufacturing Co. « Scovill Manufacturing Company « Shakeproof Division Illinois Tool Works « The Southington Hdwe. Mfg 
Company « Sterling Bolt Company + Wales-Beech Corporation 





of the host of rig 
National to i 


NEWS ON Moisture resistant and dimensionally stable 
PHENOLITE Epo resin and gla base laminate 


neect MIL-P-181 specication 


1 lectrical and electronic application 
ELECTRICAL Flame retardant Puenovire Y-2500, used for ar 


lol 


chute » changer switche witchgear insulating 


barri id supporting members, refuses to burn 
INSULATION | ee 


Low cold flow is the outstanding property of 

Puenouire b-2040 for radio and TV parts. Other 

; : featur i low moisture absorption, good dicle 

Three new PHENOLITE® electrical laminates by :. ats didiniauiiinas sastiien tt 
NATIONAL feature superior dimensional sta- | i a CS aka a 
bility, exceptional flame retardance, unusually age sd ssiiiiadh saiiaaiiiies a 1 sa Nia. 
low cold Row. tional. Our stafl of Applications Engineers will 


you find the right answer in one « 


Nation 


lal 
versatile PHenouire. If you want mort 
these three new PHENOLITE grade writ 
uical bulletins Address Department Se) 


See us at Philadelphia—Design Engineering Show—May 14-17—Booth No. 212 


1 WATIONAL VULCANIZED FIBRE CO. 


Canada: National Fibre Company of Canada, Ltd. + Toronto 3, Ont 


BRE © PHENOLITE LAMINATED PLAS © PEERLE NSULATION @ KENNETT MATERIALS HANDLIN 


. WASTERBASKE ESTERSHIRE TEXTILE BOBBIN . VULCOT PRODUCT yR THE HOME 
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(Ai) BU Lea a 


MOTOR 


.. FOR SPACE-SAVING 
COM PACTNESS 
. FOR PERFORMANCE- 
BUILDING 
DEPENDABILITY 


MODEL 102 AIRFOIL 
MILLING MACHINE 


MANUFACTURED BY 


The New England Machine & Tool Co. 


This ingenious machine mills the original, 
3-dimensional masters from which turbo jet 
blades are manufactured does in hours 

a job once requiring weeks of hand work. 
Complexity of the operating and control 
mechanisms placed a high premium on space, 
but the 5 smaller, lighter A-H Magnetic 
Controls were easily mounted on an 
unusually compact door-back panel that 
swings out for instant accessibility 


TYPE 704 ELECTRONIC 
DATA PROCESSING MACHINE 


MANUFACTURED BY 


International Business Machines 


CORPORATION 
‘These electronic machines are designed 
primarily for the use of engineers and 
research scientists. They are capable of 
performing more than 4000 multiplications 
or divisions per second. The 10 Arrow-Hart 
Contactors included in the very complicated 
power distribution unit were a natural choice 
to save valuable space. Other A-H Controls 


are also utilized in other parts of the machine 


HEV-E-OIL BURNER 


MANUFACTURED BY 


Cleaver-Brooks Company 


Simple, compact and efficient, this modern 

unit uses low cost, high heat heavy oils to 

provide economical heat for commercial 

and industrial buildings. Arrow-Hart Control 
an “RA” Starter and a Miniature Relay — 

occupies little space in the small panel, 


leaves ample space for easy wiring 


THE ARROW-HART & HEGEMAN ELECTRIC COMPANY 
Street. Hartt a 6. < 
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HEATING 
EQUIPMENT 


ARROW-HART 


MOTOR CONTROL DIVISION 


THE ARROW-HART & HEGEMAN ELECTRIC COMPANY 
103 HAWTHORN STREET, HARTFORD 6, CONNECTICUT 


Offices, Sales Engineers and Warehouses in Principal Cities 
MOTOR NTROL @e WIRING DEV t 
Chuality ENCLOSED SWITCHES @ APPLIANCE SWITCH 
MAIL COUPON TODAY FOR COMPLETE INFORMATION 





in an Economical, Compact, Lightweight, Quality Package 


ACTUAL 
SIZE 


Designed for a Wide Variety of Applications... 
or can be Tailor-Made for Specific Requirements 


Here is a motor designed and styled to meet the modern 
demands for motors that are smaller and lighter, and yet 
have increased output. It is ideal for heating, ventilating, 
air conditioning or refrigeration equipment, for appliance 
applications, and for business and vending machines, 


pumps, tape recorders, and dozens of other applications. 


The basic AL-4 is a 4-pole motor, 1550 r.p.m., 115 volts, 
60 cycles, available in odd voltages and frequencies. The 
normal horsepower range is 1/250th to 1/15th. It incor- 
porates two famous Redmond design features that have 


never before been available in a small diameter motor: 


1. The patented Redmond Tri-Flux” design that greatly 
increases starting and running torque and improves 


efficiency over conventional small diameter motors; 


2. The Uni-Cast™ construction that gives a rigid, light- 
weight motor that can be manufactured to extremely 


close tolerances. 


| 


new AL-4 motor dimensions, 
performance, operational 
data, and suggested applica 
tions—write for the “AL-4 
Bulletin.” 


aco Fela wrt” _ SEND FOR COMPLETE PERFORMANCE DATA 


For the complete story on the 


Because with Uni-Cast construction the stator core frame 
is precision die cast in one piece, the registers are machined 
concentric to the bore to extremely close tolerances. The 
exact bearing alignme nt and uniformity of air Bap ac hieved 
with this precision manufacturing result in a motor that is 
whisper-quiet in Operation and can be depended on to 


give years of trouble-free service. 


Casting the stator core frame in one piece not only makes 
the motor most rigid, but it is light in weight, as a very 


durable and lightweight metal is used. 


This modern motor can save money on a host of applica- 
tions. If you are looking for a motor in volume quantities, 


send for the literature described below. 


COMPANY, Inc. 
OWOSSO, MICHIGAN 


\ 


REOMON 
THE BIG NAME IN SMALL MOTORS Ss 





“These yop pakes of 


CHASE wire sure cut our 


wire forming costs!’’ 


NOW you can form 


miles of wire with 


no costly down time 
& COPPER C0. < In this new PAYOFFPAK you get a continuous 


length of Chase copper alloy wire up to a total of 400 
to 500 pounds in weight. 


This extremely long wire length cuts to a minimum 
the amount of time lost in setting up a wire-forming 
machine, permits more continuous operation, reduces 
scrap loss. The Payoffpak is safe to use, easy to store 


cuts down on stock space. 


In transit and storage, the Payoffpak protects the 
clean, smooth surface of Chase wire from rough and 
tumble handling. Your Chase wire comes out as bright 
and free of kinks as the day it was made 


Check with your Chase Wholesaler or nearest Chase 
Warehouse about getting your next shipment of wire 
in the new Payofjpak. 


NEW! Chase’s informative wire and rod movie: “IN 

THE CHIPS.” Arrange for a free loan of this film by 

contacting the Chase warehouse or sales office near 
Kk 


you. Write on your company letterhead, today! 
BRASS & COPPER CO. 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT CoppER corporation he Nation's Headquarters for Brass & Copper (‘sales die onty) 


Atlante Crago Denver ind anapol:s Minnespois Philadeiph ia 

Baltimore Cincinnat Detrot Kansas City, Mo. Newart Pittsburgh 

Baston Qeveiand Grand Rapids? los Angeles New (Orisans Providence 

Chariots * alias Houston MW bwauke Now York Rochester’ 
St. Lovie San Frencesce Seattle Waterbury 
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How to 


No. 6 of a series 





You need hot water for good coffee, 
tea or hot chocolate. And the Fenwal 
Thermoswitch Control makes sure 
this machine always has water at the 
right temperature. Here’s how. 

A Fenwal Snap-Action THERMO- 
SWITCH unit, No. 20102, skeleton 
frame immersion type, with a stand- 
ard snap-action switch “S’”, 100- 
300°F range, controls a 1400 watt 110 
Volt AC heater in a half gallon hot 
water tank. The THERMOSWITCH is 
preset at 160°F +5°F, and is mounted 
vertically in top of tank. The heater 
is mounted from the bottom of tank. 
(Another Fenwal THERMOSWITCH 
unit, the series 30000, controls the in- 
ternal cabinet temperature. ) 


FENWAL THERMOSWITCH® unit, series 
20000, is installed in this Superior Hot 
Drink Bar, manufactured by the Superior 
Manufacturing Corporation of Denver, 
Colorado. 





How Fenwal Thermoswitch* 
Series 20000 Operates 


The Fenwal Snap-Action THERMO- 
SWITCH unit provides fast response 
because the fluid completely sur- 
rounds the bellows and is in direct 
contact with the external shell. The 
contacts in the head of the unit are 
actuated by a push-rod connected to 
the bellows. Units are available in six 
UL listed temperature ranges: Series 
20000: 75°F to 125°F; 25°F to 
225°F; 100°F to 400°F. Series 21000: 

75°F to 175°F; O°F to 250°F; 


50°F to 300°F. 





‘ ‘ ‘* 








CONTROLS TEMPERATURE . . . PRECISELY 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Keep Drinks Hot 


Showing the Broad Application Range of Fenwal Controls 


Bie 


Proved Applications 


Fenwal Sales Representatives and 
Engineers have saved time, trouble 
and money in all types of plants and 
laboratories by solving thousands of 
temperature control and detection 
problems. Fenwal THERMOSWITCH 
units are controlling processes that 
involve liquids, gases and solids. 

Put Fenwal’s vast reservoir of tech 
nical know-how to work for you 
Chances are your problem has al 
ready been met and mastered by 
Fenwal engineers. 

Write for new Snap-Action Catalog 
for details and complete information 


FENWAL INCORPORATED 
15 Pleasant Street 
Ashland, Ma 


Please send me your 


Snap Action Catalog 


Our specific problem i 


Name 


Addre 





WHY LEADING DEVELOPMENT GROUPS 
CHOOSE BRUSH RECORDING SYSTEMS — 


Pa 


ee Wed “eek ek ad eds Sk ee 
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tems may be mounted 
mobile instrument 


cart rack or console 


QQ 


Portable 
instrument | 


are lightweight 


rugged and 


accurate 


In exacting military programs, and in a broad 
range of industrial and research applications, 
leading engineering groups use and prefer 


srush Recording Systems...because they offer Mobile instrumentation 


: center in station wagon 
these exclusive advantages: 


@ accurate recording ot phenomena trom d.c. to 


100 cps in an immediately usable torm. a 2 
@ Io help speed your testing and 
widest range otf chart recording speeds in one in- : 
aevelop c ro > 1aCtsS i 
strument,fromtO per daytotO per second. instan- pm nt, get the fact with 


taneous selection ot any of 16 chart speeds provides Brush Systems. For complete in- 
excellent readability tor a wide range ot signatis. > . 

formation, write Brush Electronics 
choice otf ink writing Cfor chart paper economy and 


Company, Dept. C-4, 3405 Perkins 
easy reproducibitity) and electric writing Cfor 


remote monitoring, etc.). Avenue, Cleveland 14. Ohio. 


BRUSH ELECTRONICS COMPANY 


RIA 


D 





ELECTRIC MOTORS RUN SMOOTHER.. 


LONGER.. MORE DEPENDABLY. .WITH 
G. S. SMALL GEARING 


G.S. GEARING adds extra years of perfect performance to 
many electric motors. Extreme UNIFORM accuracy is the 
priceless ingredient that makes this finer Gearing outsell, 
outlast and outperform all others. 


Motor makers as well as manufacturers of many other 
fine mechanical products use G.S. Small Gearing year 
after year. They depend upon us implicitly to keep assem- 
bly lines rolling continuously and at low cost. You'll 
profit, too, by coming to ‘Headquarters’ for all the Small 
Gearing you need. Let our skilled engineers help you. 
Ideas, suggestions, and cost estimates do not obligate you. 


Write today! 


SEND FOR FREE s2z2%, 238,220 
Guide. It describes 80 types 
and applications. Contains useful charts . . a valuable aid to 


anyone interested in Small Gearing. Use company letterhead, 
please. No obligation, of course. Write today! 


FRACTIOMAL HO» 
s 


READER INQUIRY SERVICE CARDS, PRECEDING RACK COVER 


you'tt Fino G. §. GEARING IN TOP 
QUALITY PRODUCTS LIKE THESE... 


Adding Machines « Aircraft Carburetors & Fuel 
Metering Systems e Aircraft Instruments and 
Radios « Automatic Musical Instruments « Business 
Machines « Check Signing & Protecting Machines 
e Clippers for Barbers, Animal Shearing & Hedge 
Trimming « Cloth Cutting Machines « Coin Changers 
& Counters « Communication Equipment ¢ Electric 
Fans © Floor Polishers, Sanders, Scrubbers, Sweepers 
@ Food & Drink Mixers, Blenders « Home Appli- 
ances « lawn Sprinklers « Machine Tools « Meat 
Tenderizers, Grinders, Slicers @ Military Equipment 
e Motion Picture Cameras & Projectors « Outboard 
Motors « Pneumatic Production Tools « Portable 
Electric Tools « Radio & Radar Tuning Assemblies 
Radio Anti-backlash Gears « Record Changers « 
Sewing Machines « Steel Strap Stretchers « Step 
Switches « Tapping, Drilling & Threading Equip 
ment e Telephone Dials « Television Sets « Ther- 
mostatic Controls « Typewriters e Vending Ma- 
chines ¢ Washing Machines 


(Sear 


Cee 


2635 WEST MEDILL AVENUE 
Ah A A 


SPURS © SPIRALS * HELICALS * BEVELS © INTERNALS 
WORM GEARING + RACKS * THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 





Contact troubles are prevented by 
the exclusive Mallory hinged con- 
tact arm, which always maintains 
correct pressure, allows easy brush 
cleaning. 


Mallory Power Kheostats 
Give Extra Performance .. . Without Extra Cost 


Mallory 
Wire Wound Resistors 
for heavy duty service 


A comprehen we of itreous enamel 
power re tors made by Mallor meets the 
requirements of iny electrical and ele 

tronic circuit high power dissipation 
is needed | ltuge divider bleeder 

load or shunt 


Mallor ré to ure pace yvound on h yi 
quatit { r 

with mute 

all part 1 ul a 10 maximun 
heat di pat ire . On re cool opera 
tion \ pecial n-po , non-alkal 
itreous enamel coating giv fect 
tection of the 
Mixed and 


ratings fron 


Serving Industry with These Products 


Electromechanical— Resistors *« Switches « Television Tuners « 


Electrochemical— Capacitor ¢ Rectifiers © Mercury 


. 

4 : ; ‘ 
| amous for long service, Mallory power rheostats offer 
you many unique features of design that assure trouble 
free operation, and economical cost. 


The hinged contact arm eliminates variation in brush 
pressure that can cause overheating or failure. The spring 
carries no current...cannot soften when overloads 
occur. You ean lift the brush for cleaning, and the spring 
snaps it back to correct pressure. 


You can depend on Mallory rheostats for cool operation. 

They are designed with ample ventilation, and conserva 

tively rated. Depend on them for stability, too... ob- 

tained through the use of high grade ceramic insulation, 

and tough, impervious vitreous enamel protective coating 

on the winding. Depend on them for accurate linearity 
the result of Mallory precision winding method 


Most tapered windings can be produced with a single 
ize of wire, by means of special Mallory variable pitch 
winding techniques. This method of construction elimi- 
nates joints, hot spots and points of excessive wear... 


reduces rheostat cost. 

Standard Mallory rheostats cover the complete range 
from 25 to 500 watts. For your special requirements, our 
engineers can design single or multiple units to fit your 
application. Write today for our latest Technical Bulletin. 


Vibra P.R.MALLORY &@ CO. inc 
ibrators 
ipacitors Batteries 
Metall urgical— Contacts * Special Metals and Ceramics « Welding Materials 
i 


Parts distributors in all major cities stock Mallory 


standard components for your convenience, 


Pp. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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Polyken Tapes have 


CONTROLLED 
STRENGTH 


(and that’s what saves the money) 


Controlled Strength reduces packaging costs. ‘I'his« 
job calls for waterproof tape, but it has to be inexpensive 
Low-cost Polyken Tape No. 216 solves the cost problem 

sticks firmly during shipment and protects against water 


CONTROLLED STRENGTH: damage and moisture a “just right’’ selection that pro 


vides the necessary balance between quality and economy 


the right combination of backing and ad- 


hesive to give you “all work—no waste” 


Here’s how it can help you: Because you can 
select the right Polyken Tape for the right job, you 
get the exact sticking power... the exact mois- 
ture resistance, the extra tensile strength ... the 
exact tear resistance you need. When you need 
particular qualities, there’s a Polyken Controlled 
Strength Tape that has them. 


That way —the Controlled Strength way —you 
do the job right for the least amount of money. 


Take these Polyken waterproof tapes, for ex- 
ample. See how they work harder . . . give greater 
protection ... through their “‘just right”’ perform- 
7 Controlled Strength assures a lifetime seal. [insula 
ance on the job at hand. And that usually means tion in these refrigerators and freezers must be permanently 
° . sealed against damage by condensatio ane roisture 
a considerable saving. eee : BSCRAATIOS ANG Mouetes 


Premium-quality Polyken Tape No, 214 assures airtight life 
time protection 


Use this convenient coupon to find out how Po/yken Controlled 
Strength Tapes can mean ‘‘all work no waste’’ on the job for you 


Polyken, Dept. EM-E 


222 West Adams St., Chicago 4, Illinois 


perties and further informat 


INDUSTRIAL TAPES 


THE KENDALL COMPANY, POLYKEN SALES DIVISION 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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as Driver-Harris 
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atin development can mean to 

resistor manufacturers is here dramatically 
illustrated. The large wire - wound 

resistor is rated at 1 megohm. The infinitely 
smaller one, wound with .0005 Enameled 
Driver-Harris Karma is rated at 14% megohms. 

In this particular application 50% more 

resistance or 4% megohm has been put on a ceramic 


spindle 1/5 the size of the original bobbin 


Even though we have succeeded in drawing 
Karma down to this fine size, its outstanding 
Oromsalec lett Meike ie lM ect b ogee ee tecmur tile tiitce| 
Most important of these are: 
e Low Temp. Coeff. of Resistance 

oem ata) 20 parts per million 

Wider temperature range—65°C to 125°C 

Low thermal EMF against copper 

(equalled only by Manganin) 


High tensile strength combined with lower 
a oeuh mo as tii tiya 


High resistance to oxidation 
Veena oe he ie dc Maite a 
that the final cost per ohm is lower than in 


No ha om ec MERIC m men ilitoeerl meltr li alatos 
Complete data mailed on request 
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Write for this FREE catalog today 
Unless you have extensive know-how and com 
plete facilities for fabricating laminated 
plastics parts you'll do better — much better! 
by letting MICO produce your precision parts 
for you from LAMICOID®, 


MICA INSULATOR COMPANY 
789 Broadway «+ Schenectady 1, New York 


Subsidiary of Minnesota Mining & Manufacturing Co 


Save time... 


... (rouble... money 


with 
FABRICATED 


PARTS of 


For complete information, mail this coupon now, 
Fema ee eee 


ull MICA INSULATOR COMPANY 


Pectc ie cas) 
ns Department 789 Schenectady 1, New York 


Please send me a free copy of “Save Time, 
Money, Trouble with LAMIcoID Fabricated 


i 
$ 
i I 
arts.” 
i 
b 
i 
i 


i 
i 
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Name 
Title i 
Company 4 
Address 
City lone State i 
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SCHENECTADY 1, NEW YORK 


Subsidiary of Minnesota Mining and Manufacturing Compan 
y 





IO YEARS 


of production service to 


THE AIRCRAFT AND 


MISSILE INDUSTRY! 


Initiating production at the dawn of a new era of high 
speed, high altitude flight, G. M. Giannini & Co., Inc., has 
steadily progressed to become the largest manufacturer 


of telemetering and control instruments in the country. 


loday, virtually all operational military aircraft use one 
or more of the 30,000 instruments produced annually by 
Giannini—instruments which have earned an enviable 


re putation for high accuracy and consistent re liability. 


Young in years, old in experience, Giannini, entering its 
second decade of operations, offers to its customers the 
accrued benefits of greatly increased facilities and accu 
mulated engineering and manufacturing skills developed 
through ten progressively successful years of service to 
the aircraft and missile industry. 


Engineering positions are open at several Giannini 
locations for career-minded young men—write for details 


err 
OP tS | 
er) 


California 


Digital Data 


Custom 
Airborne Recording 


Precision 


« « * » « 
systems systems Switching Potentiometers 


Commutators 


Gyro 
Pressure instruments 


Transducers 
Accelerometers 


a 
| 
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G.M. GIANNINI & CO.,INC. - 


918 EAST GREEN STREET + PASADENA, CALIFORNIA 
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Simple Arithmetic... 


Type 3 WY Pa ae edad uy 4 b cents per /b. 
| td 
ET: vet Sheet Base Price as 50 Te aL 


VL 


in Stainless SHEET Costs! 


Now You Can SAVE $200 Per Ton! 


Many designers and fabricators who are 
currently using Type 302 stainless can, in 
numerous applications, specity Type 430 
straight chromium stainless and take 
advantage of the 10 cents per pound dif 
ference in base price. Some of our cus 
tomers are already saving more than $200 
per ton using our 430 MicroRold stain 
less sheet. 

The steel industry estimates that 50% 
of all stainless sheet applications could 


satisfactorily employ Type 430, the least 


expensive of all stainless grades, as an 
economical and practical material. When 
properly applied, Type 430 has all the 
desirable qualities of beauty, corrosion r« 
sistance, strength, long life and low main 
tenance that no other material, except 
stainless, can offer. 

We are currently producing our 
MicroRold Type 430 sheets in thick 
nesses .005” to .109” with 2B or 2D 
finishes; and in thicknesses .010” to 
109” in No. 3, 4 and 7 finishes. 


Send for Your copy, “Care and Use of 430 MicroRold Stainless Steel’’ 


> ‘ 7 
Washington Steel C orporalion 


5-S WOODLAND AVENUE, WASHINGTON, PA. 





ask about dws > ttn AR poor 


TO BETTER WIRING 


The aircraft of tomorrow will fly hotter and higher. 


Thi 


means higher temperature requirement 


for aircraft cable Pre-Insulated terminal! 


A-MP research has anticipated this need, 


and now releases SERA TO-THERM 


, | af / 
t Pre-lh dialéd i (? 


ealed for use 


at higher lemperatures. 


/ 


1sA pour A-MIP sales enoineer abou 
STRATO-THERM l erminal ind 


Fi 
( onnectors or write to the General OF/ ¢ 


AIRCRAFT-MARINE PRODUCTS, 


©1956 AIRCRAFT-MARINE PRODUCTS, IN¢ A-MPE 
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introduc e new 


orily at temperatut 
100°F, STRATO-THERM 


¢ crimped at minu 


exceeds all requirements of MII 


3A. They are applied with the new 
A-MP T-Head Tool, the same tool 
that also crimps the A-MP vinyl 
or nylon Pre-Insulated Diamond 
Grip Terminals and Connector 


universally used by the 


idustry lor many years, 


are now available 
(AWG 22 through 
conforms to any of 


ing military specifica 
MIL-W-7139A 
MIL-W-16878A/5 
MIL-W-16878A/6 
MIL-W-8777 (USAF) 
MIL-W-16878A/8 


EADER INQUI SERVICE CARDS, PRECEDING BACK COVER 





tayion Shop Talk 


Vulcanized Fibre. 


TAVEt OR FIBRE co 


Plants in Norristown, Pa. and Lo Verne, Calif 


PHENOL MELAMINE SILICONE EPOXY LAMINATES * COMBINATION LAMINATES * VULCANIZED FIBRE * POLYESTER GLASS ROD 


Tips for designers 


Pn 
(if 


Aircraft fuel gage tank unit uses a tube of 
Taylor Epoxy Glass Base Laminate an unusual 
material noted for excellent corrosion resistance 
and electrical insulation over a wide humidity 


range 


Cam and terminal board for recording in 


strument, made of Taylor Grade XP Laminate Toughness, flexibility and dielectric strength are required for insulation for motor armature 


noted for its electrical insulating properties windings. Taylor Insulation and Commercial Grade Vulcanized Fibre serve ideally for slot 


and ease of machining wedges, topsticks and end laminae and paper-base tube for the thrust bushing. 


For tough, pliable insulation 
-try Taylor Vulcanized Fibre 


Fuel pump valve seat Taylor Grade LE 
phenol laminate resists attack by gasoline 


tough, long-wearing 


You probably have a product de- It has high are resistance and 
sign job on hand right now that dielectric strength—an ideal ma- 
could gain from the economy, ma- terial for use in electric motors, 
chinability, and performance ad- transformers, appliances, circuit 
vantages of ‘Taylor Vulcanized breakers, and switches. 
Fibre. In the application shown 7 sche ae 
above, Taylor Vulcanized Fibre! any of its applications, Taylor 
Insert in face of golf club, made of Taylor was chosen for its high impact Vulcanized Fibre brings important 
reyes ives seineeci aire epee strength, excellent bending quali savenge in pnanonting. 21 s readily 
ties, and outstanding insulating formed. 9 easily punched, 
properties. Designers are putting stamped, drilled, cut. 
TAYLOR FABRICATING its wide range of properties to 
FACILITIES work in new, demanding applica- 


Your production can be simpli tions every day. 


From the many grades of Taylor 
Vulcanized Fibre, you can choose 


the properties needed for your 
fied schedules safeguarded 


r 


job. It’s supplied in various col 
inventory headaches cured It’s a rugged material—tough 


|‘ ors . .. in rolls, strips, and 
enough to withstand heavy wear 


and overall costs reduced 
by having ‘Taylor fabricate fin 


turned rods . . . and in the largest 
ished pasts to your specifics and abrasion, yet resilient enough 


sheet size in the industry. 
tions. Efficient, modern facilitic to take heavy pounding. You can 
are ready to serve you. Get in use it to advantage in gaskets, Check with your Taylor represen- 
touch with Taylor about your washers, cams, workbench tops, tative for help in gaining the 
requirements abrasive discs, and structural many benefits of this versatile 
parts material for your own products. 
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Tighten socket screws tighter, more safely 
with High-Titan UNBRAKO hex keys 


High-Titan UNBRAKO socket screy 
keys are stronger than ordinary key TORQUE ANGULAR DISPLACEMENT CURVE 


for HEXAGON KEYS 
They are made of selected, accurately P 


sized hex stock, with carefully formed 
90° bends that won't break. The end 
are Cul Square to engage sockets full 
depth for highest tughtening power 
These keys are heat treated uniformly 
to give hardness and ductility clear 
through without brittlene 
decarburtzation 
All this re itsin many 
in torque uf 
vith an UNBRAKO 
Performance is consistent—you can apply the same tight 
y time. Screw sockets won't ream, and the keys won't 
too much torque, a High-Titan wo 
in and even with the top of the socket not at the 


TORQUE INCH-POUNDS 


LEGEND 


ithout leaving jagged exposed edges to gash your hand 
One High-Titan hex key ts included with each standard 


UNBRAKO socket screv High-Titan ire also availabl 





j 


jurable plastic key folds, and in bulk. Your authorized industs 
or carries them in stock. See him today. Unbrako Socket Scr 
STANDARD Pressep Steet Co., Jenkintown 9, Pa. 

STANDARD PRESSED STEEL CO 


D socket scREW DIVISION 


JENKINTOWN PENNSYLVANIA 





Indiana Permanent Magnets 
undergo 13 quality and uniformity tests! 


. to help maintain a steady flow on YOUR production line 


. to help reduce rejects on YOUR final product assemblies 


World’s Most Complete Line 
of Permanent Magnets! 


all shapes... all sizes 
sintered Alnico 
Cunife 


all grades . . cast Alnico 
Hyflux Alnico V .. ceramic Indox 
and other special magnet materials 


Yes, Indiana Permanent Magnets undergo a wide range 


of tests . . Spectograph tests . . chemical analyses . . Zyglo 


tests 13 tests in all to assure precise magnetic charac 


teristics, sound structure, exact physical dimensions in 


hort, to assure uniformity and high quality 


Maintaining the 


high quality of Indiana Permanent 


Magnets is not just a one-man or One-department respon 


sibility. Teams of physicists 


engineers, technicians and 


experienced craftsmen supervise and keep a constantly 


critical eye on all stages of production. Quality control is 


this group's most important single job by far! 


lo be sure of better permanent magnets, take advan- 


tage of the experience of permanent magnet specialists 


Indiana maintains the World’s largest staff of engineers 


devoted solely to the design and application of permanent 
magnets .. the World's largest and most complete research 


end production tacilities 


Indiana engineers, with almost a half century of experi- 
ence in “tailoring” permanent magnets for more than 
35,000 designs, will welcome the opportunity to work 
with your technical men in the development of your per- 
manent magnet designs 


We invite you to contact Indiana sales 


your nearest 
in Boston, HAncock 6-2323 in Chicago, 
FRanklin 2-1114 CHerry 1-4163 in 
New York, VAnderbilt 6-1898 in Los Angeles, DUn- 
kirk 4-0465 in Philadephia, KIngsley 5-2036 . . in 
Rochester, HAmilton 8990 


engineer 


in Cleveland 


Write 


catalog 


today, for your copy of magnet 
#11-BS. This booklet 


details the wide range of Indiana cast 


S-page 


permanent magnets available for imme 


diate delivery in sample quantities 


Manufacturers of permanent magnets for the electronics, 


electrical 


THE INDIANA STEEL PRODUCTS COMPANY 


VALPARAISO, INDIANA 


World’s Largest Manufacturer of Permanent Magnets 


instrument and communications industries 


INDIANA 
PERMANENT 
MAGNETS 





ATTENUATION DB 


the Difference 
the 


FILTRON’S NEWEST SUBMINIATURE FEED-THRU CAPACITOR 


SETS A NEW STANDARD OF RF ATTENUATION PERFORMANCE 


EB For the first time—a complete line, ratings 
for 5 AMPS & 10 AMPS, continuous duty 


E} Advanced internal circuit design . . . speci- 
ally processed impregnant 


Fj Meets Spec MIL-C-11693 (proposed) for 
suppression capacitors 


Closely matches theoretically ideal attenua- 
tion characteristics 


An unusual internal circuit arrangement, 
mechanical components, and a specially processed 
silicone impregnant combine to afford outstanding 


precision sign includes compression glass insulated terminals, 
and milled flats on the threaded mounting neck, to 


prevent rotation during installation and under service 


electrical characteristics and stability—unobtainable in 
conventional feed-thru capacitors ordinarily used for 
interference suppression in electronic equipment. 


Basically, FIL-CAPS are a four-terminal network in- 
serted in the current-carrying line. The power line to 
be filtered must be broken, and each end connected to 
an insulated terminal of the capacitor. The feed-thru 
ground-plane mounting prevents mutual impedances 
between input and output terminals. The FIL-CAP de- 


RF ATTENUATION IN A 
50 OHM SYSTEM AS 
R MIL-STD-220-—\ 


REQUENCY 


conditions. 


Type FV is rated for 5 amps AC-DC continuous opera 
tion, and Type FX is for 10 amps AC-DC continuous 
operation. Both types are available in operating volt 
ages of 100, 200, 300, 400 and 600 volts DC; 125 and 
250 volts AC; 0 to 400 cycles. 


All FIL-CAP subminiature feed-thru capacitors are 
100% tested and inspected before shipment. 


# TYPICAL DIPS, INHERENT 
IN FEED-THRU CAPACITORS 


if your requirements call for greater attenuation than is 
obtainable with feed-thru capacitors, Filtron also manufac 
tures a complete line of RF interference filters. More than 
5000 filter types are offered for military, industrial, nuclear 
and commercial applications. Filtron is the world’s largest 


manutacturer of RF interference filters. Details and literature 


furnished on request 

For complete engineering data and installation diagram, ask 
for Filtron Catalog FV, and FV Supplement for FIL-CAP equiv 
alents to MIL-C-11693 military designations. 


Main Plant, Flushing, Mew York 


kz FROM co., inc., 


PLANTS IN FLUSHING, NEW YORK, AND CULVER CITY, CALIFORNIA 


FLUSHING, LONG ISLAND, NEW YORK 


ACK COVER 





TRIANGLE MFG. CO. GAST MANUFACTURING CORP. 
ea) et Oe a ‘30% lighter, but performs better’’ 


ROWE SPACARB, INC. AMERICAN-STANDARD 
ero) me ee ae ‘cut product size and weight’’ 





te ld, ce eee DECORA MFG. CO. 
MT Mel'))) ee ee ae ee) tht he 





SWEDEN FREEZER MFG. CO. AIRCRAFT-MARINE PRODUCTS, INC. DEMING COMPANY 


Be Ur me el) the 


MMe al “extremely low service expense’’ 





a 6 eae 


Mu a ee 


motor savings yet? 


AMERICAN BLOWER CO: 
‘*reduced motor stocks’’ 


A. B. DICK CO. 


UNIVERSAL INDUSTRIES 
eM Me ae lla) 


—— | 
FINNELL SYSTEM, INC. 
‘*100% standardized on G.E.’’ 


TODAY THOUSANDS OF COMPANIES CUT COSTS, 
BOOST QUALITY WITH ADVANCED G-E MOTORS 


In the past four years, equipment manufacturer: 
have bought nearly 5,000,000 smaller, ligh 
fractional-hp motors. Today, they t 

tangible, measurable benefits they hav 

For example 


MANUFACTURING AND SHIPPING SAVINGS 
imounting to about 15% resulted from a Detroit 
pump manufacturer’s* decision to switch t 
vanced-design G-E motors. Rugged construct 

of the G-E motor permitted direct mountin 
eliminated several parts. Lighter weight redu 
worker fatigue, helped speed assembl shippin 
and packaging savings alone were 30¢ per 
Result: a better-looking, more efficient unit 

sells at a 10% lower price! 


GREATER POWER AT NO EXTRA COST helped : 
Chicago office machine manufacturer* boost the 
saleability of his product. Lower handling, ship 
ping, and assembly costs, modern appearan 

the sales value of the G-E monogram cause thi: 
well-known manufacturer to credit the G-E motor 
with making it ‘‘easier to design, build, ship, and 


sell’”’ his machines 


UNSURPASSED DEPENDABILITY of the 
ahead”’ G-E motor is a proven fact to th 
of manufacturers. A typical experience 


* 


California compressor manufacture 
troduced a G-E powered paint spraye: 
years ago. To date 99.9% of these units |} 


required motor service 


TREMENDOUS SALES APPEAL of prox 

to take advantage of all the G-E me 
typified by the case of a West Coast | 
facturer*. Just one year after introducing 
lined new unit, made smaller and ea 

by the G-E motor, his manufacturing cos 


been reduced and his sales had doubled! 


ONLY G.E. OFFERS 
ALL THESE FEATURES 


Wi. 


ar ae 


— 
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MORE COMPACT up to 40°, 
smaller, 50°, lighter —saves you 


material and handling costs 


od nin 


MYLAR? INSULATION (right) 


35times the moisture resistance 


of paper insulation (left) 


wr 
(g 


ALL-ANGLE OPERATION pro 
tective lubrication in any posi 
tion without costly specials 


M 


“Me, 
om oy 


DOUBLE LUBRICATION LIFE 
0°, more oil, efficient reter 


tion system cut maintenance 


oS 


od 2 
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MOUNTING VERSATILITY rotate 
I re nt or solid base 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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Quality Pius 
SUBMINIATURIZATION 
ET Capacitors 


Quality Pius 
HIGH TEMPERATURE OPERATION 
Series “%" Mylar Capacitors 


Quolity Plus 
RUGGEDNESS 


Comet’ Metallized 


ENGINEERING PROGRESS 


DIRECTION 


ASTRON CAPACITORS AND RF FILTERS... 

are setting new standards in the most difficult electronic applications. Why? 
Because nothing is taken for granted. Astron design and production techniques 
are characterized by aggressive research and continuous re-examination. Care 
fully choosen materials are subjected to exacting quality controls 


These advanced-engineering practices have enabled Astron to consistently an 
ticipate and meet the changing requirements of the industry 


SOME OUTSTANDING RESULTS ARE 


The first metallized paper plastic tubular — the Comet*, which for absolute 


environmental protection uses the patented sealing method that made the 
Astron Blue*Point® famous. 


The Series ‘X’’ Mylart Capacitor specially developed for reliable operation at 
extremes of temperatures while under the most difficult environmental conditions 


The new Astron ET electrolytic subminiatures save space and weight in printed 
circuits and transistorized applications 


WITT The Astron RF Noise Suppression Filters are custom-engineered to meet your 


most exacting specifications 


Learn the complete story. Send for complete Engineering Data. Doit now! 
Export Division, Rocke Inter 


national Corp., 13 East 40th 


wan OE, Veg Oe 
In Canada; Charles W. Poin 
ton, 6 Alcina Ave., Toronto, 

Ontario Cc oO R FP © R A T i “Tesotmaen 


fPPGITTEOTD COUPON) "eeOt mass 


255 GRANT AVENUE. EAST NEWARK. N. wv 





New Standard The UnlsuE 


STABILINES io Ueital fr 
Meet Conditions Usually STABILI NE* 


Considered as Special Applications Automatic 


DESIGNED FOR MIL-E-16400 


STABILINE TYPE EM10004 (Electro 
mechanical) 
INPUT: 195-255 volts 0/60 cycles, single 


phase 


OUTPUT: 230 volts, 24 KVA 


FOR NORMALLY LOW 
INPUT VOLTAGES 


a 


© 
e { 
9 
STABILINE TYPE EM10003 (Electro 


mechanical) 


INPUT: 80-115 volts 0/60 cycles, single 


phase 


OUTPUT: 115 volts, 2.0 KVA 


WITHSTANDS HIGH HUMIDITY 


ST ABILI 


Klectrot ’ 


NETY PE 1E20002 (Cor 


oving part 


"Trade Mark Reg. U. §. Pat. Off 


Van Nuys, ¢ . O. Box 946 

Real, Redwood ¢ yf. «© 482-8 

Ave West, Toront . Can 
syne Blvd, Miami 37, Florida « P.O. Bos 
Blvd Jak Pork, Ill. «© 4033 W. Rogers 
Tippett Bldg Baltimore 15, Maryland 
Rms. 502-504 Postum Bidg., New 

© P.O. Box 132, 101 Public Sq., 


515 Prentice St., Room 201, Dalle 


Voltage Regulators 


MEETS MIL-E-4158 


U. S. NAVY SPECIFICATIONS 
16-E-4 AND 40.1.9 


STABILINE TYPE EM10002 (Electro 
mechanical) for Air Force land based instal 
lations “S 
INPUT: 105-135 volts 65 cycles, three te 

phase, 4 wire STABILINE TYPE EM10006 (Electro 
OUTPUT: 120 volts phase to neutral red 


hanical) for applications involving shock 
amperes, 20 KVA, individual phase control 


ind vibration requirements 


INPUT 185-490 volts, 45/6 


phase cycles, single 


OUTPUT: 440 volts, 2.2 KVA 


MEETS SPECIFICATION MIL-E-4158 FOR MILITARY APPLICATIONS 


os 


eo @# 


6 
bs 
Bie... : ‘ 
1 °° Ne ; » 

6 * * 
STABILINE TYPE EM10009 (Electro 


mechanical) 


INPUT: 187-229 volts 410 cyclea + STABILINE TY PE 1E20003 (Completely 

IN a ; pr Klectromec) with no mo 
ree phas r 

OUTPUT: 203-213 volts, 14.0 amperes ah = 
ingle phase 

KVA OUTPUT 11 olte 
110-120 volt 


ving parts 


60 cyclea #10% 


» amperes, LO KY \ 


Check the characteristics of these new STABILINE Auto 


matic Voltage Regulators against your special” requirements 
involving automatic voltage regulation. You may find that you 


no longer need to look for special equipment. These units are 
standard STABILINES as are numerous other units with rated 
capacities from 0.25 KVA to 100 KVA. Look to SUPERIOR 
ELECTRIC for the solution to 


your automatic voltage regula 
tion problems. 


Be sure to see Superior Electric's MOBILE DISPLAY when it is in your area 


THE SUPERIOR ELECTRIC company 
805 MIDDLE STREET, BRISTOL, CONNECTICUT 


Please send prices and more facts on STABILINE 


Automati« 
Voltage Regulators (1 Please ha. 


ve representative call 


Name 
( ‘ompan y Name 


Addre SS 





can he guess 
the exact sizes 


OyMnWatect> 
socket screws’ 


*PHOTOGRAPHLOD ACTUA 


GEAR GRIP 
SPEEDS ASSEMBLIES 


P-K’s Gear Grip meshes 
_ firmly u ith the finger- 
Fd lip . . prevent 
Ixperts can usually tell the size of a socket head cap screw . slipping and 


simply by looking at it. “Green hands’, however, must take ns . Jumbl 
time out to “‘mike’”’ before returning left-overs to the tool crib. Tests ; ee 
show that even some experienced workers guess wrong as much 

as half the time. With Parker-Kalon Size-Marked Socket 

Head Cap Screws on the job, there’s no need to guess or B® 

‘“‘mike”’ for size. The size is clearly marked on the head. This 

exclusive P-K feature saves valuable time and eliminates costly 

erro! It’s just one more reason why you can be sure... 

“i ite F-K, ite 0. BK. . 


1¢ 


PARKER-KALON fa — 


Parker-Kalon Division, General American Transportation Corporation—Clifton, N.J. * Sold Everywhere Through Ls che Distributors. Warehouse in Chicago. . 





The United Air Lines hangar, at Idlewild Airport in New York, has this Armorpl 


ee 


hielded room for precision testing 


New Metal-Clad Plywood Makes Construction of Shielded Rooms Easy 


Durable, easy-to-assemble Armorply is perfect 
for temperature-controlled rooms, too. 


HERE’S THE EASIEST way to have sturdy, soundly con 


structed shielded rooms. Big-sized sectional pane Is 
of Armorply form a room that's a snap to put up 

take down or move with ordinary labor. And 
the SIZC of the room Can by easily changed by adding 
or removing panels. Armorply shielded rooms are con 
structed by Shi lding, Ine Riverside, New 


Spec ial compression joints eliminate the need for 


Jersey 


soldering 


FOR SHIELDED Rooms, Armorply panels with zinc-bond 
steel faces are ordinarily used. But any mm tal—stain 


less steel copper aluminum, lead, ete.—may be used 


for one or both surfaces. These metal faces are per 


manently bonded to a plywood core that itself is 


\ Wetdwood 


Weldwood 
Armorply 


METAL-CLAD PLYWOOD 
{ product of 


United States Piywood Corporation 


strong and compl tely wate rprool 
though light in 


wear-resistant 


Armorply panels 
veight—are extremely durable and 


ARMORPLY NEEDS NO MAINTENANCE Ot course, it may be 

painte d, it desired. Where required Armorply panels 

can be supplie d which will withstand washing down 

with acids 

IN TEMPERATURE-CONTROLLED ROOMS, Armorply-faced mod 

ular sections are used for 
LOO | 


control are 


temperatures down to 
Armorply rooms for hot or cold te mperature 
supplied to your 


Ann ipoli 


pecifications by Freezer 
Box Division Yacht Yard, Inc 
Maryland 

LIKE TO KNOW MORE? Sericl coupon for \rmorply 
ind booklet. Or et 
branche in principal cite 


I 
Plywood, Ltd 


Annapolis 


sample 
\rmorph at any of our 87 


We ldwood 


In Canada 


United States Plywood Corporation 
Weldwood Building, 55 West 44th St.,N. ¥.36,N. Y 
FREE: Please send free sample of Armorply and descriptive 


literature. We are interested in shielded rooms 


temperature-control rooms EM5.5é 
NAME 
COMPANY 


ADDRESS 
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famous brake in the world 


Even schoolboys know the fabulous 
story of George Westinghouse, and 
how he accelerated developments of 
railroad transportation with his 
Westinghouse Automatic Air Brake 
Even if a train breaks in two, brakes 
are applied to each section to stop it 

Although Westinghouse Air Brake 
Company has made countless im 
provements in braking devices, the 
basic operating principles have pre 
vailed since 1872. Original design of 
some parts is still followed today, 
that’s how well they were designed 


Piston assembly. Westinghouse 
Air Brake Company makes its 
own rubber parts. 


Cylinder at left is for freight 
cars, other is one of several used 
on a locomotive. 


in the first place 

A good example is the release 
spring, which retracts the brake cyl 
inder piston when the brakes are re 
leased. American Steel & Wire has 
been supplying this spring for about 
75 years. And although better steels 
and heat treatment are always being 
used, this original spring design has 
been operating over a 160° F. tem 


perature range, stressed hundreds of 


times monthly, and is currently in 


> million freight car 


ervice on over 4 
ill over the world 

We are proud of our long associa 
tion with Westinghouse Air Brake 
Company, maker of the most famous 
brake in the world, considered by 
many people to be one of the great 


inventions of our time 


AMERICAN STEEL & WIRE DIVISION, UNITED STATES STEEL, GENERAL OFFICES: CLEVELAND, OHIO 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 


NITED STATES STEEL 


After piston is inserted, work- 
man lubricates the cylinder. 


T COMPANY, NEW YORK 


USS AMERICAN QUALITY SPRINGS 


Spring inserting. The housing is 
machined high-density cast iron. 


In position. Cylinders go three years between cleanings 
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“‘Doelcam_ 


MAGNETIK NULL INDICATOR 


The Sensitivity of the Galvanometer 
nithout any of its Limitations 


The Doeleam Magnetik Null Indicator, Model 2HG-1, is both a null 
balance detector and a linear deflection indicator. It may be used as 
cither a low-level laboratory instrument where accurate null measure- 
ment is important, or as a fast measuring production test instrument 
where linear off-balance readings and ability to withstand rough usage 
are essential. All around improved performance is achieved by use of 


the unique Doelcam Second Harmonic Magnetic Converter as the 
input modulator 


Write for Bulletin N1-8 


‘“Doelcam_ H 
ADIVISION OF MINNEAPOLIS-HONEYWELL | ‘ostwnt | BOSTON 35, MASSACHUSETTS 


Instruments for Measurement and Control 


Synchros * Gyros * Accelerometers * Amplifiers * 


1400 SOLDIERS FIELD ROAD 


Microsyns * Servo Motors 


Measurement 


PERFORMANCE 
CHARACTERISTICS 


ISOLATED INPUT: Input terminals are iso- 
lated from chassis and circuit ground. 


HIGH SENSITIVITY: 2 Microvolts per divi- 
sion, 0.003 Microamperes per division. 


HIGH CONVERTER FREQUENCY: 2500 cps 
carrier, Insensitive to 60 or 120 cps pickup. 


LOW NOISE LEVEL: Less than 2 Microvolts 
equivalent input. 


EXCELLENT STABILITY: Zero drift less than 
1 division per hour. 


INDEPENDENT OF LINE VOLTAGE: No ob- 
servable drift or change in sensitivity for 
line variations from 105 to 125 volts. 


PROPORTIONAL DEFLECTIONS: Linearity 
over full scale range is 5%. 


POLARITY SENSITIVE: Zero-center mirror- 


scale meter for polarity sensigg measure- 
ments. 


QUICK READING: Time constant of less than 
1 second. 


RUGGED: Not damaged by over-range of 
10 volts d-c. 


LOW MAINTENANCE: Only one vacuum 
tube. No moving parts except meter. 


ECTRICAL % 
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INDUSTRIAL FASTENERS 


Automotive 


Fast handling Ever 
lock Sems proved 
the perfect 
for this 
filter 


answer 
intake gir 


application 


Business 


Machines 


Everlock internal 
lock washers provide 


permanent insurance 
against loose fas 
tenings in this elec 
calculating 


tronic 
mechanism 


Appliances 


will al 


This 


ways stay tight on 


motor 


its mount, thanks to 
Everlock internal 


lock washers 


My 


dy 


ey 


Electrical ‘ ‘S 


Equipment 


Everlock external 
lock 


pletely eliminate 


washers com 
harmful vibration in 
this electric tempera 
4 
ture control applica 


tion 


a 


FREE 
SAMPLE 
KIT 


Put Everlock lock 
fasteners to the 
on your own prod 
For your 
kit ond your 


the brand 


copy of 
new Ever 
lock catalog, mail this 


ovpon 


THOMPSON-BREMER & CO. 


Subsidiary of AMERICAN MACHINE & FOUNDRY CQMPANY 


314 North Dearb treet @ Chicago 10, Ill 


Please send me 
New Everlock Catalog 


Free sample kit of Everlock Fasteners 


Name 
Title 
Company 
Address 


City ae ’ State 
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GULTON RESEARCH-ON-THE-PRODUCTION-LINE AT WORK SYSTEMS 


ALLL 


GLENNITE” PORTABLE ULTRASONIC SOLDERING IRON 


AUTOMATIC 
ultrasonic soldering 


ELIMINATES CORROSIVE FLUX 


it's one faced by many manutacturer Vibro-Ceramics System and Tools car radically im 

who solder aluminum. maanesium and similar metal: prove other production techniques .. . ultrasonics pro 

Guiten Industries’ Research quiring corrosive flux Light bulb producers must now vides rapid yet precise drilling of extra-hard or brittle 
an-the-Production-Line wash their bulb’s aluminum base immediately after sol materials to tolerances within 0005 inch with 
makes possible instant tail dering the leads creating a costly production bottle sltrasound, positive cleaning of assorted products fron 


oring of basic materials neck. To further combat pitting action each high-speed aircraft pistons to medical syringes is a snap! All 
instruments or complete sys machine has to be constructed of expensive, resistant versatile, advance-design GLENNITE equipment deliv 
tems to fill dificult or unusual type metals. The seriousness of this problem grows with er naximum useable energy wit ninimum power 


requirements expanding emphasis on lightweight metals consumption 


A GLENNITE Ultrasonic Soldering Vibro-Ceramics pioneered commercial development of 

System which completely does away with flux of any transducers this leadership is backed by Gulton 
kind! Manufacturing operations are simplified and Industries’ integrated talents, a group of unique facili 
speeded up products never need special treating ties available for complete ultrasonic projects from 
or cleansing baths. Versatile GLENNITE Soldering original research to final systems’ production. Send 
Irons are also available in compact, portable units for Booklet #401- it contains full information. Inquiries 


gas or electrically heated for shop and field use from manufacturers’ representatives invited 


Cc oOo Rm FO PR AT 1 2 


omociated with GULTON INDUSTRIES, INC. Metuchen, New Jersey 
PIONEERS IN MATERIALS RESEARCH ELECTRONIC COMPONENTS. PRECISION INSTRUMENTS AND SYSTEMS ENGINEERING 


WVEiEBROoO-CERAMICS Ca 





THE SECRET 
INGREDIENT 


Experience is the “hidden plu 
that is built into every Torrington 
air-impeller design... experience 
derived from the development of 
thousands of design 
3 created to meet the 


rements of 


/ 


th no 

AIROTOR BLOWER WHEELS: 
fle Chee, double wheel and 
Type double intake wheel 
qus, available with pec ial 


ne. jaw or hort huh 


ington’s research, development 

and testing laboratories are 
avallable to vou for the solution of 
n 


atl 


air-impeller problems relating 


product design, 


TeHE 


TORRINGTON 


MANUFACTURING COMPANY 
\TORRINGTON, CONNECTICUT 
VAN NUYS, CALIFORNIA: OAKVILLE ONTARIO 





VERSATILE 29 SERVOS 


SIZES 10, 11,116,118 >= 


¢ Can be wound for high or low impedances 
® Designed for use with transistorized or vacuum 
tube servo amplifiers 
Control phase can be center tapped 
Maximum torque-to-inertia ratio provided by 
minimum air gap construction 
43 gm.—cm.’ rotor inertia. (For illustrated unit only.) 


SERVO with Exclusive 
INSTANT-STOPPING 
DC BRAKE 


02 sec. stopping time without external loading 
12,000 radians per sec theoretical acceleration 
1.8 gm.—cm.’ rotor inertia. (For illustrated unit only.) 


Precision gear train, 30 min. max. backlash 
1:1 to 4000: 1 gear ratios. Higher ratios on special order 
Exclusive DC brake may be added 


Drag cup or squirrel cage type generator 
Minimum null voltages as low as 12 millivolts 


ONLY SIZE 10 1S ILLUSTRATED 


SERVO 
MOTORS 


65°C to +150°C ambient temperature range. 
No warm-up required at low temperature 
Sizes 10 and 11 available with 2 or 6 pole windings 
Sizes 15 and 18 available with 2, 4 or 8 pole windings. 
Servo can be wound to operate on any specified 
voltage between 18 and 300 volts 
Most sizes available in 400 or 60 cycle input voltage. 


0) aie) 74: MOTOR 


1000 hours life at 75°C; 100 hours at 125°C. 
27 volt DC brake excitation 


MOTOR GEAR -TRAIN 


25 in.—oz, max. operating load torque. 75 in.—oz. 


max. momentary load torque will not damage 
gear-train 


TACH-GENERATOR MOTOR 


¢ 2 gm.—cm.* min. rotor inertia of smallest units. 
¢ Exclusive DC brake may be added 


SERVO-TACH -GENERATOR- 
GEAR-TRAIN 


Combination of servo, gear train and tach. generator to your 
specific requirement. Exclusive DC brake may be added 


Units can be built to meet 15 day humidity test of 
MIL-E-5272A. Flange, face or synchro type mount- 


Other products include actuators, synchros, AC 
drive motors, servo mechanism assemblies, DC 
motors, motor-gear-trains, fast response resolvers, 
servo torque units, reference and tachometer gen- 
erators, synchro indicators and motor driven blower 
and fan assemblies 


TACH-GENERATOR MOTOR GEAR.-TRAIN 


ings to your specifications. Write today for further 
information, stating requirements 


MANUFACTURING CO. 
Your Rotating Equipment Specialist 
Avionic Division 

Racine, Wisconsin 





“And I Said I'd 


Never Use a 
Drafting Machine” 
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Take a tip from an increasing number of draftsmen who, perhaps like 
yourself, were reluctant to try any drafting machine or had been 
disappointed in a conventional type drafter. These men now report 
Bruning Equipoise Drafters cut drafting time over conventional 


Bruning Counterbal equipment up to 40% on most jobs, up to 50% 


on some structural 
anced Drafters and 


drawings — beat any other drafting machine they ever tried 
Bruning Track Draft 


ers provide fast, easy But prove it to yourself! See how fast you'll work with one precision 
accurate drafting on instrument combining T-square, straightedge, triangle, protractor, 
a ree and scales. Feel how the patented Equipoise mechanism eliminates 
any drift from gravity, literally makes the drafter “float” into place 
Find how easy it is to rotate, turn, and lift this drafter —all with the 


left hand. At the same time, operate the Touch Control button with 


extra-large drawings 


your left thumb to set the drafter automatically at any of 24 commonly 
used 15-degree increment angles. Don’t overlook the special scale 


Bruning Equipoise lock that makes it easy to change the scales, holds the scales rigid. 


Drafters are available 


with either the Civil Your own test will convince you of the superiority of a Bruning 
Engineer protractor Equipoise Drafter. Mail coupon today! 


head, shown here, 
with its special azi 
muth scale, or the 
Standard protre 
a rd protractor Charles Bruning Company, tnc., Dept, 54-L 
. 4700 Montrose Ave., Chicago 41, Illinois 
Please send me the free booklet on Bruning 
Drafting Machines 


BRUNING ) :«- a 


Company 


America’s Largest Supplier of Engineering 


ond Drafting Equipment. Address 


CHARLES BRUNING COMPANY, INC., 4700 MONTROSE AVE., CHICAGO 41, ILL. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





in Bell & Gossett Booster Pumps... 


They are Protected with 


Inherent Motor Protectors 


Bell & Gossett, foremost manufacturer Of quality, 


long life booster pumps, knows the value of 
KLIXON Inherent Overheat Motor Protectors 

knows from experience how KLIXON Protectors 
guard against motofr burnouts, and add to the de 


pe ndability of the pumps 


Here's what the latest BAG Sales Bulletin has to say 


about KLIXON Protectors 
“PROTECTED AGAINST MOTOR BURN-OUT 


The B&G Booster Motor is protected against 


both usual and unusual causes of failure 


Modern, efficient thermal overload equipment 


shuts off the motor should a dead-stall be caused 
by foreign matter in the pump, or if low voltages 
should cause the motor to overheat. 

“If for any of the above reasons the motor 
should stop, it will automatically try to start 
after a short interval. It will continue to stop 
and start until the cause of the overload is re 
moved. The operation of this protective device 
is not harmful to the motor.’’ 

You, too, can keep motor driven equipme nt operat 
ing dependably by specifying and using KLIXON 
protected motors. They reduce maintenance costs, 
service calls, repairs and replacements. The addi 
tional cost is low . with exceptionally worthwhile 


benefits for everybody concerned. 


KLrxo 


METALS & CONTROLS CORPORATION 
SPENCER THERMOSTAT DIVISION 
105 FOREST STREET, ATTLEBORO, MASS. 





What is Design Engineering? 


lo THE EDITORS and readers of ELECTRICAI 
MANUFACTURING the term “Design Engineer 
ing” has come to have a rather special mean 
ing. The design function is limited by defini 
tion to the quantity manutacture of products 
that are electrically operated or are electrical 
or electronic in character. The word design in 
cludes the original idea, the gleam in the 
inventor's or the engineer's eye, the envision 
ing of a need. Functionally it encompasses 
preliminary design, breadboard layout, de 
velopme nt and testing of prototype models and 
ultimate manufacture of the product for sal 
Design engineering envisions the selection and 
evaluation of materials and components to fit 
whether the 


product be a single component or 


the conditions of application 
a complex 
end-product In short the term is related to 
the design of “original equipment It does 
not include the design of buildings or whole 
plants such as are typical of the process i 
dustries 

Selection of materials plays an important 
part in product design particular! mothe 
design of components where material propes 
ties are inherent The ae velopment ol the 
transistor is by now a classical example. I 
depended upon the basic sciences and a whol 
new concept of solid state electront« 

in the de velopme nt of ippli inces, machines 
ind equipment, however, the designer usuall 
does not start from seratch. kconomy dictate 
that reliance be placed on the integration 
tested components and materials into product 
Only in rare cases will the end-product manu 
facturer make his own electric motors. He will 
not mold a V-belt or machine a ball bearin 
nor fabricate a vacuum tube. He will never 
attempt to make a motor startet i reiay, or 
even a limit switch. He might wind a special 
transtormer or a heater element. but 


he will bu 


enerall 


iive Thi 


s solenoid o1 


main coneern of the design engineer 1s spec) 
fication, evaluation and testing of cataloge 
components or special variations of them 
Ihe end product maker may operate a 
foundry but not a rolling mill. It is a toss up 
whether he will make custom parts in the 
form of stampin die castings, powder metal 


molde d 


sue h parts ot jobs 


pressings investment castinvs or 


Whether he make 


speciiication 


plastic . 
them out are the responsibility 
of the design engineer who must be familiar 
with all the manufacturin techniques in 
volved 

Product design may involve from zero t 
100 per cent pure hased parts low to choose 
them is not taught in college since that would 
result in“ ly courses, something to be 
hunned in prol ional school. Such practi 
cal knowledge ¢ only be learned on the job 
Like as not it w ve taueht by visiting appli 
ition of les engineers using their own 
compante literature supplemented Iyy ny 
formation found in industrial publication ind 
harpened | ihoratory evaluation 

That ELECTRICAL MANUPFACTURING’S 
lerpretation « adesiet meern It i 
the interpretation of the Onsol 
kingineert ) | held in Philadelphia 
May 14-17 vhy KLeerricat MAnt 


FACTURING long with three 


of the le vn 


other design 
ngineerit ivazines are backin the show 
ind concurrent conference, primarily to foster 
ent in Design knginees 

the integration of mate 

wer and control ten 
into today complex 

ippliances i in engineerin 

ot the reatest magnitude The Dye 
Show offers 


rineeriy 


an opportunity 
ith what is current. It is the 
ed pects ill it the inter 


i) equipment mulacturer 





RK. | BRICKLEY Semiconductor Dept. and 
W. H. HORTON, Materials Engineering 
Westiscuouse Eveetaic Corroration 


bast Pittsburgl Pa 


Statistical Approach 
to R & D Problems 


The testing of materials and components forms a major part of 


the research and development phases of product design. 


{ll are fa- 


miliar with the “endlessly” repeated procedures when such expert- 


ments involve many variables. Described here is an interesting wed- 


ding of statistics and engineering aimed at reducing the cost, easing 


the monotony and improving the validity of research and develop 


ment testing through scientific “design of experiments. 


IN RESEARCH AND DEVELOPMENT, the classical method of 
experimentation has been described as a “one-at-a time 
approach. Faced with a problem inolving several vari 
ibles, the experimenter commonly investigates the eflects 
of each variable singly while holding all other variables 
at some fixed values \ complet study obviously Is 
costly and time consuming merely because of the number 
of test set-ups required to cover all possible combinations 
of the variables 

Another fault of the classical approach is that the ey 
perimenter in using the method of varying one factor at a 
time. and knowingly or not. is assuming that the eflects 
he observes are additive. No information can be obtained 
as to the extent in which these variables interact: 1. 


the way in which the effect of one variable is dependent 


upon the effect of another (for example. temperature ind 


BS 


pressure for gases). If not evaluated. such interactions 
can lead the experimenter far astray in drawing sound 
conclusions from his data. In one case. optimum results 
ould arise from an entirely different set, perhaps sets 
of variable values. In another, and possibly a more seri 
ous one, some variables may be deemed as having Little 
or no effect due to the values or levels fixed for the other 
variables. Quite naturally, experiments conducted in the 


classical manner result 


more often than not. in the 
need for other experiments in relatively the same area 

Realizing that experiments should be conducted so as 
to vield a wider inductive basis for drawing conclusions 
research and development departments should welcome 
ny approach that would minimize the quantity of test 
combinations and, at the same time. provide this broader 


basis. This is precisely the advantage of a. statistical 





approach to experimentation. Inherent in the statisti al 
approach, through the technique of experimental design. 
is the ability to evaluate the effects and interactions 
(joint effects) of several variables with a minimum 
number of test combinations. 

With any approach to experimentation is also associ- 
ated a need for ascertaining whether or not differences 
observed in experimental results constitute a basis for 
lrawing definite conclusions. While two results, or two 
averages, may be numerically different, this does not 
in itself imply that these results represent a real or “true 
difference. For evaluating such differences, an accurate 
measurement of the effects of unsuspected or random 
variables that are associated with the experimentation is 
required, Depending upon the extent to which the experi 
menter is cognizant of this random, unsuspected, or 
uncontrollable variation in his data, the uncertainty 
associated with the conclusions that he may make may 
be completely overlooked, correctly evaluated or greatly 
accentuated 

The extent to which experimenters are aware of such 
ignore it: others think 
of it in terms of testing variability: 


random effects varies. Some 
while still others 
realize that this variation truly exists in that experi 
mental conditions. sample specimens and measurement 
results cannot be reproduced exactly. Contrary to what 
might be expected, the experimenter who is aware of the 
magnitude of such random effects is more aware of the 
limitations of his conclusions. This is in contrast to the 
experimenter who is unaware and thus seemingly is 
more certain. The latter experimenter is basing almost all 
his conclusions on what he deems, through judgment. to 
constitute a real difference 

\ statistical approach, again through the technique 
of experimental design, enables the experimenter to ob 
tain a valid estimate of random effects. Using this esti 
mate, the experimenter is able to evaluate the observed 
differences (the effects of the variables investigated) in 
terms of the probability that these differences occurred 
due to random causes. This implies that, for conclusions 
probablility 


drawn from these differences. statements 


regarding their uncertainty can be made. In turn. this 
results in the evaluation of the experimental data from 
a more rigorous and a more objective point of view 
thus giving the experimenter a still wider inductive basis 
for drawing conclusions. 

might at first 
seem to require a more extensive experimental program 
found that the statistical ap 


proach is unusually efficient 


Requiring a wider inductive basis 


However. it is generally 
This efficiency is realized 
As many 
effects are to be 


same experiment and (2) estimates of these effects can 


in two ways: (1) as possible of the variables 


whose evaluated are included in the 
be obtained with a reduced number of observations 
Thus. it is noted that in most cases the statistical ap 
proach yields more information for the same experimental 
cost or the same information for a reduced cost 


Phere are 


called 


the party ular ap 


several approaches that could be 
Because of this. 


proach taken in this discussion will be 


statistical in nature 


outlined and 
then covered in some detail in terms of a specific example 


It will be 


qualified in statistics are needed to put these methods to 


recognized that personnel professionally 
work. They must work closely with the research and 


development departments as will be evident from the 


following listing of the basie steps in the statistical 
approach: 
l Joint discussion of the problem by the experimenter 
and statistician 
Preparation of statistical design for the experi 
mental program 
Joint review of the statistically planned program 
Experimentation and collection of data. 
Statistical analysis of the experimental data 
statistical 


Discussion and interpretation of the 


analysis: evaluation of analysis from engineering 
viewpoint 
Preparation of report on the results of the experi 
mental program by experimentet and statistician 
Description of Basic Steps. [he first discussion of 
the problem by the experimenter and statistician is pet 
haps the most important since an understanding of the 
fundamentals of the engineering problem is essential 
for the design of a suitable experiment. This discussion 
begins with a definition of the problem This definition 
is in terms of the experimental objectives, the controlled 
or uncontrolled factors that may affect the experimental 
results, and the measurements to be made. Next, con 
sideration is given to the economical aspects of — the 
experimental program, the physical limitations affecting 


the experimentation ind the statistical restrictions and 


Table I—Experimental Factors for Example Problem 


assumptions which may be necessary. In covering the 


latter, the 
that can be 
with the 


familiarized with the aid 
furnished b the 


form of conclusions that can be 


experimenter ts 
statistician as well as 
found by a 
statistical approach. Actually, this discussion 
of benefit to the « 


understand the et 


which 3 
«perimenter, enables the statistician to 


inecering problem and = guides hi 


preparation of a suitable design 

In the second step, the experimental design is devel 
oped: the ste ps to be taken in the experimental procedure 
ire enumerated: and. lastly. a dese ription of the analysis 
from which statistical conclusions are to be drawn ji 
presented, At this point, the statistician discusses the 
feasibility of the designed program with the exper) 
ach checks to be sure that the 


procedures are within the 


menter recommended 


limitations of the ivailalole 











experimental facilities and that the statistical analysis, 
which is determined by the choice of the experimental 
design, will provide the experimenter with the informa- 
tion he is seeking 

The actual performance of the experimental conditions 
or tests requires little from the statistician. However, he 
should take an active interest in the experimentation since 
this affords an opportunity for viewing possibly un- 
discussed environmental conditions that could influence 
the experimental results. Furthermore, it may provide a 
more sound evaluation of the precision of the exper! 
mental measurements and form a basis for judging 
observed effects in terms of their statistical significance 
It is in the interpretation and discussion of the results 
ol the 


participation appears 


statistical analysis that the true value of this 


In organizations wherein statistical techniques have 
been applied, the statistical analysis itself is probably 
the most familiar of the ste ps enunme rated above Ly 
fortunately, a large amount of the 


done bey the 


experimental work 
practicing industrial statistician is limited 
to thi invle funetion. Much is to be gained, however, 
when the statistician ts permitted to participate in the 
desion of the « kperiment Then the statistician and « xperi 
menter are tree from that questionable technique that 
which-hunting.” Given a set of collected 


data, find which 


Variation The 


may bn called 
variables are causing the observed 
real threat of this technique of which 
hunting os that the analyst is quite often requested to 
keep scouring the data until something is found to be 
significant. At the same time, he is expected to keep a 
traight face whenever statements regarding the validity 
of the conclusions are made 

In the final discussion between experimenter and 
tatistician, the statistical conclusions are evaluated for 
their practical significance in terms of the technical 
experience of the experimenter Just how extensive this 
discussion will be 


of the 


Ssinee every 


depends primarily upon the nature 
conclusion drawn from the statistical analysis 
conclusion drawn from the analysis has 
associated with it some uncertainty and, at times, com 
ple sity. the statistician must aid the « x<perimenter in the 
technological interpretation and evaluation of his expert 
mental results 

This aid may take the form of either an oral discussion 
with the experimenter prior to his completion of the final 


report on the experimental program i 


tatistical report 


with limited technical information to be used as a supple 
ment to the experimenter report or a joml report 
between « xperimmenter and statistician. In either case. the 
ervice to be offered by the statistician is not complete 
until the results of the « ‘perimental pro ram are presented 
in final form 


In this ipproach the tatistical analysis and 


in part 


the final conclusions are largely dependent upon the 
choice of a satisfactory experimental design. A satisfactor 
design can be generated if there is an adequate under 
tanding of two things: First it is necessary to know 
the various available statistical techniques: of equal 
inportance is a complete understandin 


Henes the 


ol the problem 
realization of a satisfactory design is) de 


jn ndent upon statistical and engineering know-how. 


Example Problem. | hics: 
related to 


principles will now be 
a specific test program concerned with the 
evaluation of core materials for small electric motors 


90 





This problem has been selected not because it covers 
all of the statistical techniques available but because 
it enables the more important points of the above outlines 
lo be discussed in terms of a method easily adapted 
to research or development work. Perhaps. a less complex 
problem from a. statistical as well as an engineering 
st indpoint could have been chosen. However. the effective- 
ness of the approach could not have been as well dem 
onstrated by such a problem. 

In the first discussion between engineers and_ statis- 
ticians, the problem was outlined as a study of the effects 
of several annealing variables on two different core 


materials. An additional 


purpose was to determine 
whether or not significant differences in chemical, physical 
and magnetic characteristics existed between these two 
materials. One of the materials, supplied by Company A, 
was that normally used in the production of the motors 
The second, supplied by Company B. had been developed 
as a material with supposedly improved metallurgical and 
magnetic characteristics. 

With the knowledge that existed in the use of elec 
trical steel for small motors, it was thought probable 
that the developmental material would have the same 
characteristics as the production material under some 
annealing conditions. Thus, if a comparison were to have 
been made between the two materials at these annealing 
conditions, or ones very close, no significant difference 
in characteristics would have been recognized. In such a 
case, there would be no basis for switching to the new 
material. Since no information was available on the 
effects of annealing conditions on the developmental 
material, a rather extensive range of conditions had to be 
investigated, For the sake of making valid comparisons 
between the two materials, this range also had to be 
covered for the production material 

Several annealing factors and levels were felt to be 
of major importance. These conditions may be found 


levels each, with the temperature factor 


Four of the five annealing factors have two 
having four 
levels. The number of possible combinations of these 
L or 64. With the two materials this would 


require a total of 64 2 or 128 samples without duplica 


factors is 2' 


tion of any experimental condition. The engineers felt 
that so large a number of samples was undesirable and 
that the experimental time needed to complete such a 
study might make it impractical. 

The first approach to altering this basic design might 
seem to be a reduction in the number of annealing factors 
to be evaluated. Another change might be that more than 
one sample for each material could be given the same 
innealing treatment, The purpose of requiring more than 
one sample per material for each annealing combination 
would be to obtain an estimate of the effects of random 
or uncontrolled factors. Both alterations could occur 
simultaneously with a net reduction in the number of 
samples required for the basic design of this particulan 


experiment, 


In incorporating these alterations, it would have 
heen possible to obtain estimates of the effects of fewer 
annealing factors, the differences between materials and all 
possible interactions of these factors, as well as an un 
biased estimate of the effects of random factors. However. 
if the engineers are willing to assume that high-order 
statistically designing 


interactions are negligible. in 


the experiment the variance estimates associated with 














Table tl—Selected Experimental Combinations for Example Problem 








Temperature, deg F 


1375 145 152 1606 


Cooling 
Exoga Dew point rate 
ratio deg ( hr 4 1 : 4 ‘ ‘ 
1 A A * A 
B B f B 
«- 10 
A A 
8 B f B 
6.51 
1 A A A 
B f B B 
30 
A A f A 
B B f B 
‘ A A A 
B B E B 
10 
t A A A A 
B B B B 
5 1 
1 A A A A 
f B B 8 
30 
A A 
B B f B 
P t A" represents producti mat il pplied by Comy 
I repr nts developmental material lied by ¢ n I 
these interactions may be used as a measurement of the \ study of all possible combinations of the annealin 
eflects ol random factors factors 1s called a singel replication Thus the expert 
Based on the likelihood of this assumption there were mental plan iInvolvin only 32. combinations would be 
everal alternative experimental designs which might a '% replication or a replicate of 2? L factorial 
have been employed One ol the se was to retain the Scope ae “Ion Thy derivati« 1 «ol thre combinations necessary to 
of the variables originally mentioned but. at the same itisty the iforementioned condition il not be di 
time. to consider only one specimen al each annealin cussed but may be found in texts on experimental desien 
condition for each material. thus avoiding duplication An additional requirement of the design was as tollows 
Hlowever as previously indicated such a design would bor each aire iling condition lected lor th replicate 
° require 126 test specimens. Another alternative was to single samples of each material were to he treated to 
consider only a fraction of the possible combinations ether. This was to accomplish two purposes lirst. the 
In the discussion with the engineers it was felt that time required to complete the study would again be 
the magnitude of the effects due to interactions of three cut in half as compared to annealing each material 
. or more factors would be negligible. Using this informa ample at a different tine Second, the possible differences 
tion as a basis. an experimental design considering only in characteristics between materials caused by lack of 
one-half of the 128 treatment combinations was developed exact duplication of the test conditions would) be mini 
Design of the Experiment. Since the primary ob mized, In effect, the latter purpose was related to the 
jective was the evaluation of the effects of the annealing: need for preventin the effects of unknown faetors in 
factors on the two materials. some information on the the annealing process from being associated ith the 
joint effects of these factors could be sacrificed without differences observed between the two materials 
too drastic an effect on the experime ntal study itself. The With material treated together slight iation it 
first step was to consider only one-half of the 64 anneal the controlled annealir factors as well as random iria 
ing combinations, in such a way that « omple te information tions in unknown thus uncontrolled innealing factor 
would be available on the effects of all single factors and would be expected to affect the two materials alike 
the joint effects of any two factors, excluding tempera Thus. that portion of the experimental design and 
ture. For the joint effect of temperature with any other analysis involving the two materials is considered a stud 
innealing factor, partial information would be available of sub-unit (within anneal) effect his is in comparison 
This was not too serious a sacrifice since the experimental to that portion of the design and analysis involving onl 
design wherein only 32 combinations would be considered the annealing factor e.. that portion which is a stud 
could be set up such that the partial information on the of whole-unit (between anneal) effects. Such a division 
temperature joint effects would be obtained from the in the experimental ce n and in the result inalysis 
likely linear and quadratic temperature components of constitutes a split-plot experiment. The experimental de 
the annealing cyele ign set up for the ili tud is thus composed 
9] 








of 42 whole plot elements (annealing treatments) with 


the two materials as sub-plot elements 


Although only 


time required to complete the tests was to be approxi 


32 annealing runs were specified, the 
mately three months. In any program requiring an ex 
interval. there is the likelihood of more 


idverse random or uncontrollable effects than desirable 


lensive tine 


bor this study such effects could be due to material avinyg 
seasonal variation, testing instrument drifts. unsuspected 
Process changes, etc. Unless controlled. these effects may 
outweight effects of pract al Wniportance As one means 
of control, all 32 treatment combinations could be sched 


uled to be run in a random manner. This could. how 


ever. result in an unduly large value for the residual o1 
random 


variance, the ard-stick” used to measure the 


ignificance of the effects investigated 
Another means of control would be to sub-divide the 


2 treatment combinations into two yroups of blocks 


ol 16 combinations each inp a manner similar to that 


used to derive the replic ite. Within each block the 
1G combinations for the block would be seheduled ina 
random manne In ‘ eres this sub-division and ran 
domization would ‘ive a measurement ol long Litre 


eflect 


ment ol 


(from between block differences and a measure 
short-time effects (from within block differ 
enee. With this 2 blocks ofl 16 


treatments each. the experimental desien for the anneal 


sub-division inte 


ine stud Wiis 


completed This design may be deseribed 


is a polit plot experiment composed of a ! replicate 
of 24 Lin 2 blocks of 16 as the whole plot 2 materials 


! ub-plot 


Design Techniques. Before continuing 


hieular example 


with this par 
further discussion as to what is meant 
by the technique of xpertmental design seems warranted 
Most experimenters will admit that their measurements 
We subject to uncontrollable or random variation. As 
a basis for judging real differences in experimental results 
a4 measurement of this variation must be used. Thus. it 
eems logical that the technique of experimental design 


must include a measurement of these random effects 


Due to the existence of this random or uncontrollable 
variation. conclusions drawn from the experimental data 
re alway subject to some uncertainty. The technique 
of experimental desien through mathematical statistics 
ilse Heocorporates the need for stating the objectives ol 


thie experimental program as hiy pothe ses to Le accepted 


or reyected on the basis of the experimental data. The 
primary purpose of this technique is to obtain data 
pertinent to the obypectives ino as economical a way as 
prosstlole 

Returning to the example problem. the actual expert 
mental conditions may be found in Table Th As a result 
of the tractionalization., all combinations are not repre 
ented. An additional feature of this fractional replicate 


is may be noted in this table. is that there exists a cer 


lain order to the combinations. For each of the two 
materials, times at temperature evouas ratios. dew 
provtnt ind cooling rates. there were 32 »s imples on which 
lest measurements could be made: and for each of the 
four temperatures, there were 16 samples. One of the 
tdvantages of having balance of this nature is to enable 
thre technique of analysis to be free from the influence 


of unequally weighted levels. Of ereater importance. is 


the advantage of being able to use each observation for 
ill efleets 


estimating 


y 


Table IIl-Experimental Conditions and Core Loss 
Measurements for Example Problem 








Experimental Block | 


Anneal- 

ing and Temp Dew Core los 
testing deg Time Exogas point Cooling Ma- © 60 cycle 
order Code F hr ratio deg C rate terial 15 kilogaus 

1 oon 1375 2 8.51 30 7.2 h 3.066 

” B 2.193 

ont 1525 2 6.51 30 11.5 A 2.674 

, os 8 2.360 

3 11106 1450 4 6.51 10 5.0 A 2.542 

: B 2.283 

4 31010 1600 4 6.51 30 7.0 A 2.403 

B 2.335 

5 0 1600 4 6.51 10 12.3 A 2.367 

5 31001 . > aa 

é 11010 1450 4 6.51 30 6.0 A 2.673 

B 2.206 

20 1525 2 6.51 10 13.6 A 2.448 

- B 2.239 

r 20100 1525 2 6.51 10 8.0 A 2.490 

B 2.233 

4 1001 1450 1 6.51 10 12.0 a 2.346 

— B 2.275 

( mW 1600 4 8.51 30 12.0 A 2.203 

e . B 2.030 

1450 q 6.51 30 12.0 A 2.454 

W tt 8 > esl 

12 20010 1525 2 6.51 30 7.0 A 2.470 

8B 2.103 

( 1375 2 6.51 10 12.0 A 2.386 

13 90001 8 2 one 

14 00010 1375 2 6.51 30 6.5 A 2.672 

8B 2.210 

15 31100 1600 1 8.51 10 6.0 A 2.431 

B 2.306 

16 00100 1375 2 8.51 10 5.0 A 2.720 

8B 2.172 

17 210i 1625 4 6.51 + 30 7.5 A 2.433 

' B 2.066 

4 onto 1375 4 6.51 30 7.0 A 2.616 

' 2 6 2.081 

19 10011 1450 2 6.51 30 12.0 A 2.408 

- B 2.078 

ae 30011 1600 2 6.51 30 12.0 A 2.259 

B 2.055 

21 10000 1450 2 651 10 7.5 A 2.495 

B 2.106 

22 21101 1525 4 6.51 10 12.0 A 2.466 

B 1.994 

23 21011 1525 4 6.51 30 13.0 A 2.279 

8B 1.950 

24 oll 1375 4 6.51 + 30 12.3 A 2.487 

B 2.050 

25 01000 1375 a 6.51 10 8.5 A 2.555 

B 1.997 

26 10101 1450 2 8.51 10 12.8 h 2.371 

8 2.087 

27 30000 1600 2 6.51 10 8.0 A 2.289 

8 2.126 

28 10110 1450 2 68.51 30 7.5 A 2.671 

B 2.107 

29 30110 1600 2 8.51 30 6.0 a 2.325 

B 2.115 

20 21000 1525 4 6.51 10 8.0 A 2.257 

B 2.230 

1 01101 1375 1 8.51 10 12.0 a 2.346 

B 2.028 

32 10101 1600 2 68.51 10 17.8 A 2.169 

8 ? 105 


lable Hl contains the order in whi h the samples were 
treated and the data for one of the measurements of 
interest. These data are total core loss measurements 
obtained at an induction setting of 15 kilogauss and a 
frequency setting of 60 eps. In all. a total of & electric al 
measurements were made and statistically analyzed. These 
were total core loss. hysteresis loss. eddy current loss 
and a-c permeability measurements at LO and 15 kilo 
vauss and OO ¢ ps As defined by the engineers in charge 
of the experimental program the optimum set of experi 


mental conditions would be that set that would result i 

















low core loss. low hysteresis loss. low eddy current loss 
and high permeability at both 10 and 15 kilogauss 

It was not possible to adhere to the design in its 
entirety because some difficulty was encountered in ob 
taining a cooling rate of 4 hr and also in obtaining 
consistent rates. As sper ified by the design, each sample 
was to be furnace cooled to LOOO F in either 4 or & hr 
difficulty. 
chosen. As may be seen in Table IIL. the two coolin; 


Although the lack 


of consistency in cooling rates was not anthe ipated., the 


Because of the longer time intervals were 


rates were not consistently obtained 


statistically designed experiment incorporated, primarily 
through randomization, precautionary measures that pre 
vented the 


experimental results from being seriously 


hiased 

Statistical Analysis of Experimental Data. |: 
veneral, the problem definition and the experimental 
design covern the selection of the statistical tec hnique by 
which the experimental data are to be analyzed. For 
the data of the example problem, the technique of analysis 
is the analysis of variance. the total variation in a set ot! 
data is partitioned into those variations assignable to the 
effects and joint effects of the experimental factors with 
the residual variation being that attributed to random 
causes. This residual variation is then used as a yardstick 
for evaluating the effects and joint effects of interest. The 
inalysis of the core loss measurements in Table [Il was 
split-plot analysis of variance. A split-plot analysis ma 
have two or more such yardsticks, each associated with the 
units of the experiment. The analysis for these data has 
two residual measurements, one associated with the over 
ill annealing treatments (the whole-units) and one as 
sociated with materials (the sub-units) 

Of primary consideration of the 
Actually the magnitude 


of these effects influences the ability to determine real 


\ 
importance is the 


magnitude of the residual effects 


differences. One of the purposes of the 


experimental 


design was to obtain an accurate measurement of these 
effects. One general principle involved in accomplishing 
this purpose is that of randomization. In the example 
problem, two additional principles were incorporated. 
Phese were making use of the split-plot arrangement and 
blocking. The split-plot arrangement was to contribute 
to the obtaining of an accurate measurement of the sub- 
plot residual effects by removing from this measurement 
the random effects associated with the annealing condi 
tions. The principle of blocking was to contribute to the 
accurate measurement of the whole-plot residual effects 
by removing from this measurement the random effects 
associated with the time interval involved in experimenta 
tion. It is interesting to note that these safeguards were 
found in the analysis to be significant in their contribu 
tion towards a realization of these purposes 

Joint effects involvin three or more factors were 
assumed to be negligible. However, the joint) efleets 


involving materials and the two-factor interactions of 


the whole-plot (thus three factor effects) could be evalu 
ated. For all analyses, these three factor effeets contain 
ing materials were not found to be significant. Thes« 
were then pooled with the sub-plot residual to obtain an 
improved estimate The sub-plot residual reported in 
the analysis of these data (the analysis found in’ Table 
IV) is that obtained from pooling 
lable IV contains the 

data listed in Table I]. As 


of variance the total variation in a set of data is part 


analysis of variance for the 


stated earlier, in the analysis 


troned into those 


iriations assignable to the efleets 


and joint effects of the experimental factors with the 
residual variation being that attributed to random causes 


he ack d 


of variation. is an enumeration of the efleets with which 


Thus, the first column in this analysis source 


the variations in core-los measurements could be a 


ociate d 


In any set of mn data. n-l independent COMparisons are 


Table 1V—Analysis of Variance for Example Problem 
(Core loss @ 60 cycles, 15 kilogauss coded X 10°) 








Degrees of 


Source of variation freedom Sums of square 
Whole plot 
Block 1 260 , 100 
Temperature T 3 122,230 
Time at temperature (H 1 24.728 
Exogas ratio (R ! 20 , 808 
Dew point (D 1 13,924 
Cooling rate ‘( 1 72,496 
Pooled whole-plot residual 23 334 406 
TXH 2 3, 556 
TXR 2 5,127 
TxD 2 46 841 
TX 2 8,894 
HXR 1 47.198 
HxXD 1 39 006 
Hx 1 34.133 
RxD 1 4,225 
RX 1 798 
DOxXec 1 2,970 
Whole-plot residua 9 141 658 
Sub plot 
Material (M 1 1 644, 406 
TXM 3 270 942 
HXM 1 11,342 
RXM 1 22 962 
DKM 1 55.578 
CcxXM 1 3,481 
Sub-plot residual 24 164.218 
Tota 63 3,022,011 
Probabilit f large a ratio o ring | ha | i than ¢ 
Probability of large a rati : a by ch i i h ( 
Probabul f i iti our ! h slone | a , 


M 


Mean square F ratio 


260 , 100 17 
40.743 
24.728 
20 808 
13,924 
12.496 4.99 
14,539 2.17 
1.778 
2, 564 
3.421 
4.447 
47,198 
39 006 
14 133 
4.225 
70% 
2,970 
15.740 40 


1 644, 606 16.2 
90.314 13.2 
11,342 
22 962 
55.578 8.1 

3,481 





Table V—Table of Means for Example Problem 
Cveragp cove toun vetreneprrneetiay ctuntions teeamatere X quate (F900) tater 


| Temperature, deg F 


Fe sce ae eee Ty OE sere ee, 
| 17% | “CO 
ee Pesan ? 


Nparisal oblaimes 
wh COMpar til 
mid the total set o 
thie t of 61 


has then a if vree of 
/ degre 
urement 03 
However 
lable TV are 
thu the 


dom f«data. es ol freedon 


eore-dsy nea 


Crnipoal oti acre [ier ilyle saottie 


ited in the anal is in 


thar inele COMPAL ISON column 1h 


freedom j an enumeration of the 


V bhi I the 


heen 


pend nt comparison 1) 


ellect 
obtained 


Block 


Comparison 


listed 
hor 


evaluated 


ouree ol ariation have 
the ss af 
devree of 
would ly 


first of 


variation from 


freedom or one 


This compari 
data for 
ind the 


lemperature on the 


between the mean of the 


oup of experimental conditions mean 


the econd roup 


other hand 


evaluated from three between the 


the four 


COMmpart qonh micas 


temperature 


The column headed Sun ol 


quares contains 


meusure ol ittributable to 


Variation 
total 
Pable TEL. 


each scpluiret 


iviation. ‘The iiation in the core-loss me 


ed by 


ments of in be « Kpore 


where \ is the mean of the 64 data 


inten thee 


vraoup 
andy partitioned 
related to the 


on the 


sums of 
liste a 
this 


several 


sources of 


Variation Further det 


HecessaLry 


Vi ain 
estimate of the 


computations for 


‘ olumn W ill 


lve wen squares we ay and 


rave values 


Varianees associated 


with each 


of variation. The 


values for this column are 


quotient 


iin of “quares ind des rees «ol 
I eratios are 
efleets 


signtfieant aon 


freedom 


ratios of 


Variance estimates The 


factor 


were not found 
any of the 


[hese 


obtain 


analyses for the eight 


measurements then pooled with the 


were 


residual to an improved estimate, The 


residual reported in- the 


analysis in Table IV. is 
obtained from pooling 
Using this 


plot effects with this estimate 


pooled estimate COMparisons of the 


were used to jude 
significance by evaluating the 


magnitude of the « 
responding / 


significance of this” ratio 


depende nt not only upon its magnitude but also upon 


Thus 


deerees of freedom associated with the 


only a few dewrees of freedom 


ratio 

this ratio may be 
etlect 
freedom. the 
highly st 


(with the 


large without implying a si 


nificant while fe 
ol deerees ol 


small and still by 
the computed values for / 


ereater number 


mav be nificant. Compar 
appropriate 
tables 


standard 
mhabilitv. of 


those found in 


level or the pre 


of freedom) with 


stentheanes 


94 


number of in 


relative va 


bres 
For 
inicle poe ndent 
eflects evalu 


determined from more 


j 
ol 


le 


unde I 
example 
cone 


maonl 


thre 
foot 


fe) 


the 
of 


sure 


This quantit 


square - 


il 
not 


soure? 


three 
to b 


of 


sub-plot 
sub-plot 
that 


sub 
thei 


the 


with 
relatively 


rea 


ai 


the 


ratio 


eurri DY Chance 


alone can be determined. 


In turn 
valuation of the 


effects 
plot residual 


il ‘ 


significance of the 


made by 


whole plot ol 
with the 


thine alin 


whole 


bor this experiment eflects having F-ratios with prob 
ibilities less than 0.05 


Referring to 


Was Comparisons 


real 
I -ratios 
whole plot resid 


would be indicative of 


Pable IV, 
rates (( 
differences (M 
interaction and dew point by material 
estab 
effects indicate 
these effects 
basis for selecting the material 
that should yield 

lo exemplify the manner in which these mean values 
cicdsothe 
efleets 


representing 


differences 
for block differences 
ial effects. material 
material / Vi 
Db VW) interaction effects were 


lished it the 0.05 level that 


sienificant 


‘ ooling 


temperature by 


observed Having 


these real 


differences. mean values representing may 


he observed as a and 


annealing treatment optimum results 


statistician and engineers in 
the mean 
the temperature by material / WV) 
presented in Table \ As 


measurements for the 


inte rpreting the 


found significant in analysis values 


inter 
this table 
production material A 


action. are seen in 


Core-loss 
decrease more or less linearly with an inerease in tempera 
those for the 


crease with an 


ture while 


developmental material Bit 
Relative to the 
fact 
temperature by 


seen that the 


mcreast it 
the 
vield the 


It may 


temperature 
eflects this 
significant 


also lye 


temperature are 


magnitude of random 


alone Is 


enough to material 


interaction 


loss with 


( han PCS in Core 


not as great tor 


the devlop 
production material. At this 


point. for either material. the specification of the optimum 


mental material as for the 


annealing temperature can he made 

tables of effects 
were obtained for the interpretation of this analysis with 
the ¢ 


Similar mean values for significant 


ngineers, In this interpretation the engineers evalu 
ated the technical and practical significance of the ex 
Although the significant 

attention. it should be 


results 
attract 


perimental effects gen 


erally ereater pointed out 
that it is of equal importance to evaluate 
lack of other effeets. 
This discussion between experimenter and statistician 
is to the interpretation of the statistical analysis forms a 


hasis for the presentation of the final report on the ex 


similarly the 
significance of the 


perimental program. In addition to a general discussion 
of the the final 


report may recommend more intensified investigation in 


program and its resulting conclusions, 


i certain phase covered in the 


relate d 


investigation 
of these. For 
the example problem. the objectives of the experimental 
the 


and recommendations for investigation in other 


experiment 


in other 


phases, or a combination 


program were clearly 


satisfied, conclusions were 


re ported 


related 


phase - were sugvested 


Benefits of a Statistical Approach. [n the pre 


ceding paragt iphs a statistical approach to engineering 


problems in research and development has been described 


in rather what 


| or 
this 


sore 


eeneral terms and developed through 
must at times seem to be somewhat vague phrases 


the experimenter, an the use of 


appreciation of 
ipproach probably will result only from his gaining 
experience in. its use 

At this time 


of a statistical 


for his problems 
it should be recognized that the benefits 
First. if the ey 
not) of random 
in his experimentation. this 


accurate 


ynoroach are numerous 


perimenter (and some are 


is cognizant 
or uncontrollable variation 
obt inine in 


approach furnishes a means for 


( 
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Applications of Aluminum Impacts 


From a comparatively small scale opera und to cold-flow through the orthee formed between the 
e punch and die The metal flows upward out ol the lie 
ton JO Veadrs ago. designers have extended ind around the punch lhe orifice is shown by the white 
uwrow in (B); shown in (C) is the punch at the end of 
the power stroke. The shell is stripped from the punch 
range of electrical and electronic assem on the upward stroke 

Design Considerations. [here are six basic rules that 


determine when a product should be made by the impact 


the use of these versatile parts to a wide 


blies. Design highlights plus several neu 


/ | / extrusion process rather than the drawn process 
app lealions are discussed, | When base thickness is considerably greater than 


sidewall thickness 
W hen the base must include bosses lugs proyections 
or recesses 
(ALUMINUM IMPACTS — strong, corrosion-resistant and light 5 Where the wall thickn 


ss must be increased at the 
in weight-—-are used in a wide range of electrical and 


open end of the shell 


electronic applications. Particularly suited for low cost When a flange or heavy wall section is required at 


high production runs. impacts can be produced at rates one end of the shell 
up to 4200 pieces per hr. Typical electrical applications to When 


sidewalls must have internal or external 
date include refrigerator header shells, capacitor and 


longitudinal ribs 
flashlight cases. and housings for small motors. trans 6 When the length of the plain shell exceeds | 


to 
formers and lightning arresters. 


2 times the diameter. 


Phe basic principles of the impact process as applied to Because of the severe working the metal receives during 


closed-end shells are illustrated in Fig. 1. Power presses 


‘xtrusion, impacts are essentially wrought products having 
lorce a pre sized slue to fill the inside of the die cavity 


a dense and non porous structure Mechanical properties 


he 8 


Fig. L(A Aluminum slug is first placed in the die. Slug size and shape are determined by the configuration of the finished part 
B Punch rams down onto the «lug. forcing the metal to flow up and around the punch. Base is forged, while idewall we 


extruded, Angular fillet on the end of the punch helps metal flow and decreases possibility of punch under 
























Alloy 
and Wall thickness 
temper in, 
1100-H152 All 
1100-F 
3003-F 
6151-T6 All 
6151-T84 0.040-0.093 
0.094 and heavier 
6061- T 4 All 
6061-T6 All 
6061-T84 0.040-0.093 
0.094 and heavier 
2014-T4 All 
2014-T6 All 
7075-T6 All 





Ultimate 
tensile 
strength 
psi 


18,000 


44,000 
35,000 
38,000 
26,000 
38,000 
35,000 
38,009 
55,000 
65,000 
75,000 










varying between 40 and 2 











est cost 













































Length x Length x 

width width 

outside inside 
dimensions dimensions 
















Rectangular 





1.571 x 1.133 1.521 x 1.083 
1.783 x 1.408 1.733 x 1.358 
1.884 x 1.446 1.834 x 1.396 
2.000 x 1.000 1.950 x 0.950 




















2.375 x 1.938 2.325 x 1.888 
2.500 x 1.891 2.438 x 1.829 








Square 














1.425 x 1.425 1.375 x 1.375 
1.750 x 1.750 1.700 x 1.700 
2.000 x 2.000 1.950 x 1.950 








2.250 x 2.250 2.125 x 2.125 











0.025 
0.025 
0.025 
0.025 
0.025 
0.031 


0.025 
0.025 
0.025 
0.062 


strength 


Yield 


set — 0.2 


are further improved since the grain structure 


1) microinches, 


0.035 
0.035 
0.035 
0.035 
0.035 
0.050 


0.035 
0.035 
0.035 
0.075 


psi 


37,000 
32,000 
35,000 
16,000 
35 000 
30,000 
35.000 
32,000 
55.000 
65,000 


depending 
upon the alloy and the size and shape of the part. 


Impacts are available in a wide variety of alloys rang 


Side 
radius 


Neminal 
wall Bottom 
thick- thick- 
ness ness 


Table |—Minimum Mechanical Properties of Wrought 
Aluminum Impact Alloys 


Brinell 

Elongation hardness 
per cent in 500-kg 
2 in. or load, 


in4D 10-mm ball 


7.0 90 
4.0 80 
4.0 80 
12.0 50 
7.0 80 
4.0 75 
4.0 75 
19.0 100 
7.0 125 
7.0 135 


follows Alloy 1100- 


the outline of the finished product Surfaces are smooth 


spec ified 


Length x 

width, 

outside 

Bot- dimen- 
tom Max. sions 


radius length 


6 


am 


iF is 


inv from strain-hardened to the highest strength. heat required medium 
treatable alloys. Careful selection of the alloy that best 

meets produc Is requirements permits the use of minimum 

forming pressures and highest production speeds at low alloys must incorporate 


Table tti—Dimensions and Tolerances for Standard 
Square and Rectangular Shells in Inches 


0.008 
0.008 
0.008 
0.008 
0.008 
0.008 


0.008 
0.008 
0.008 
0.008 


strength 


Cross section* 





Table Il—Approximate Minimum 


Wall Thicknesses in Inches for 


Aluminum Impacts 


Diameter 
of shell 
in. 


oe 2wwnn-- 


the most 


extruded and frequently used alloy 


width, 
inside 

dimen- 
sions 


0.015 
0.010 
0.010 
0.010 
0.010 
0.010 


0.010 
0.010 
0.010 
0.010 





widely 


heavy ier 


Tolerances 


Length x 


1100 
3003 
alloys 


0.010 
0.010 
0.010 
0.015 
0.015 
0.020 
0.925 
0.030 
0.035 
0.060 


Min. 
wall 


0.015 
0.015 
0.015 
0.015 
0.015 
0.020 


0.015 
0.015 
0.015 
0.050 


or 


Alloys 


0.015 
0.015 
0.015 
0.015 
0.015 
0.015 


0.015 
0.015 
0.015 
0.015 


6151 
6061 
alloys 


0.015 
0.015 
0.015 
0.020 
0.020 
0.025 
0.030 
0.035 
0.040 
0.070 





adaptable. easily 
Its mechanical prop 
erties are developed by cold working and are not usually 


Where higher strength or improved machinability are 
alloys O15] 
heat-treated condition are usually spec ified 


6061 in 
Because of 
the higher extrusion pressures required, designs for these 
sidewalls and base sec 
tions. Where the ultimate in strength is required. alloys 


Out- 
side 
Bottom | length 











big. 2 Impact shells, with holes 
punched in sides and one end, 
form vaporization chamber ol 
vacuum cleaner spray attach 
ment manufactured by Lucerne 
Products. Inc. Northtield, Ohio 


hig. 3 (below) Ribbed impact 
housing provides increased sur 
face area and improved air flow 
in induction motor manuta 
tured by Induction Motor. 
( orp.. New York 


Fig. + A switch to aluminum impacts from soldered 
zine stampings reduces cost of lightning arrester 


housing manufactured by Automatic Eleetrie Co 


2014 and 7075 are available. Mechanical properties of the 
various alloys are summarized in ‘Table | 

The minimum wall thickness obtainable with an impact 
is determined primarily by the alloys used and the 
diameter of the shell. Wall thicknesses as low as 0.010 in 
can be obtained with 1 in. diam shells extruded from 


1100 and 3003 alloys: O.OLS in. ts the minimum for 


work-hardened 6151 and GOOG] alloys. The approximate 


minimum wall thicknesses for various diameter shells 
are shown in Table [1 
Ihe length of an Impact can be as much as 6 to LO 


times the diameter or minimum cross-sectional dimension 
hig. 5 \ one-piece impact replace 1 b-piece 


lhis ratio does not apply to tube and flange type impacts DE ORE IR ed TEEPE: eg RAT Raig 


produced by forward extrusion. Currently, the largest lightning arrester housing. Sidewall ribs locate 
impacts produced are 6 in. in’ diam and up to 20 in the shell positively in relation to the porcelain 
lon trae 
Polerances on wall thickness and diameter range from 
0.005 in. for small pieces to O<£OlS in. tor large 
shells (see Table TL). Tolerances for rectangular shells 
range trom OOO to *O.OLS in depending on size 
ind nominal wall thickness. Cross-sectional tolerances 
ie held to *O.008 in. on the inside and O.O1O in 
on the outside 
ack of symmetry in sidewall and bottom lug design 
has a tendency to set up lateral forces which tend to 
deflect the punch This condition not only affects concen 
tricity, tolerances and straightness. but also slows dows 
production speeds. shortens tool life and raises costs 


( onsequenths while design svmmetry is in general recom 


hig. 6 Bottom of pressure potentiometer -: hig Light. easily 

housing is impacted with a boss for pressure ig vorked impact forme 

hitting Prans-Sonk line Bedford Mass : motor hou img of air 
craft fuel indicator gage 
manufactured by Sim 
monds Nero ori 


live V ergenne Vi 





Some Basic Impact Shapes 


A. Plain shell. This standard design, flat-bot 
tom shell is available in sizes from ‘4 to 6 in 
OD, and in length. up to Tl in. Complete 


dimensional specifications are listed in Table 


1\ 


B. Shells with bosses 


The integral projections on these impacts 


or luge on closed ends 


eliminate separate end fittings and costly 


welding and assembly operations 


C. shells with longitudinal ribs. Ribs may be 
decorative, functional, or both, External fins 
on motor housing, lower left dissipate heat 
ind channel air over full length of motor 


D. Shells with side 
wall steps. The wail 
thickness of im 
pacts may be varied 
by means of an out 
side step near the 
open end or by an 
inside step near the 
closed = end Open 
step can be made 
without any change 
in section thick 


mended, unsymmetrical parts can be produced success lhe 


impact without 


housing is produced draft and 


fully, particularly if the length-to-diameter ratio is not requires less machining than a casting 


EXCESSIVE One-piece, seamless extrusions have also been used to 
lo rrhinimnize pun hy wanade I undet anv ¢ ondition, a re plac c costly fab i ated lightning arrester housing. ‘| he 
bevel should be desivned inte the inside hottom of the eovel shown in hig. 


shell. This not) only 


l was formerly made from blanked 


helps to minimize lateral punch zine sheet, soldered at the seams. As impacted, the 


deflection but also promotes metal flow. An inside lug housing for this arrester has two internal longitudinal 


centered on the base will have an added corrective effect 
Applications. Ihe use of aluminum impact extrusions 


has resulted in reduced manufacturing costs and improved 


ribs which track with corresponding grooves on the 
porcelain frame. 


Before adoption of an aluminum impact, the unit 


product design im a wide range of electrically operated shown in hig 


9 was assembled from two body halves 


products and a cap. Depending on availability of materials. parts 


linpact shells. expanded at one end, and with punched were made from zine. 


copper or galvanized sheet. The 


holes in the sides and closed end. are used in’ various adoption of aluminum in both cases resulted in consider 


sizes of vacuum cleaner spray guns | ig. 2. Assembled able cost savings and provided a better looking, weather 


with a valve and tubs these units operate off the ex tight housing 


haust end of the cleaner to spray paint insecticides 


\nother interesting application for aluminum Impacts 


cleaners disinfectants and = similar materials In this 


is found in the housing for a pressure-operated potenti 


application impact shells proved to be stronger than ometer, Fig. 6. This variable pressure unit changes the 


drawn shells because they are more completely work sensitivity of aireraft controls to suit the change in atmos- 


hardened and because the closed end is thicker than the pheric density at different altitudes. It is also used as a 


aicle wall Also 


nomical than drawn shells in the high leneth-to-diameter 


Hnpact shells are generally more eco 


vain-control pressure gage to change voltages as a fun 
tion of altitude and ait speed 


sizes. Shell surfaces are smooth and bright and do not Castings were ruled out for this application because 


require any special finishin the unit is designed to operate under conditions of ex 


Improved air flow coupled with inereased coolin; 


treme vibration and must withstand line pressures up to 
area 18 provided by the external longitudinal ribs of a 


housing for induction motors, Fig }. The motor is 
“ait cooled through channels formed by the ribs and 
al shroud whic h ere lose “ the motor Lhe housing ais well 


as the shroud are both fabricated from aluminum Impacts 


LOOO psi. Alloy OOOL in the heat-treated condition provides 
adequate strength and excellent machinability. The large 
number of housings required demonstrated the economy 
of tooling for only one lathe chucking operation. One 


tool, with multiple bits, machines the bottom and side 





E. Flanged tubular parts. These part 
are produced by the forward extrusion 
process in which the metal flows down 
ward between the die and punch, away 
from the punch and through an orifice 
in the die. Tube length is limited only 
by the amount of space into which the 
extruded portion can flow and by the 
stroke which must be long enough to 
allow the part to be ejected from the 
die. Parts can be extruded in lengths 


up to 15 in. 


F. Shells with tubular extensions. Forward extrusion is often 
combined with the reverse process to produce shell-shaped 
parts having a protruding neck that can be subsequently 
machined and capped 


G. Shells with integral center tubes, Design problems can 
often be simplified and costs reduced through the use of 
extruded shells with integral center tubes, shown. Center 
tubes can be provided with either a closed or open end at 
hottom 


H. Impact machining blanks 
Hollow sections produc ed dur 
ing extrusion can be used to 
eliminate deep drilling opera 
tions. Splined extrusions elimi 
nate costly broaching and mill 
ing Operations. Since the grain 
follows the metal flow in impact 
extrusion, the best possible me 


surfaces, an ©O-rin roove, and cuts the extrusion to or weight and transmits a signal to a small instrument 


thre proper leneth motor Phe strenet! and oundnes requirements ol 


Shown in Fig. 7 are two impact extruded frame sections these parts eliminated castin 


from consideration. Light 


for the indicator motor of a fuel system gage. This cage in weight and easy to machine Huminum tnpacts are 


uses the capa itance ot the fuel as a measure of its mass \ ell idapted for th ly yu ol if} heation 


Table 1V—Dimensions and Tolerances for Standard 
Round Impact Extruded Shells 


Tolerances 
Nominal Bot- 
Out- wall tom 
side Inside thick- thick- Corner Max Outside Inside Min Bottom Outside 
Diam diam diam ness ness radius length diam diam wall length 
0.750 0.710 0.020 0.030 : 0.005 0.006 0.015 0.007 
0.875 0.835 0.020 0.030 0.005 0.006 0.015 0.007 
1.000 0.960 0.020 0.030 0.005 0.005 0.015 0.010 
1.125 1.075 0.025 0.035 3 0.005 0.006 0.020 0.010 
1.250 1.200 0.025 0.035 1 0.005 0.006 0.020 0.010 
1.375 1.325 0.025 0.035 0.005 0.006 6.020 0.010 
1.500 1.450 0.025 0.035 § 0.005 0.006 0.020 0.010 
1.750 1.700 0.025 0.037 0.006 0.007 0.020 0.012 
2.000 1.950 0.025 0.037 0.007 0.008 0.020 0.012 
2.250 2.200 0.025 0.037 0.007 0.008 0.020 0.012 
2.500 2.440 0.030 0.042 0.007 0.008 0.025 0.012 
3.000 2.930 0.035 0.050 0.009 0.010 0.025 0.015 
3.500 3.430 0.035 0.050 0.009 0.010 0.025 0.015 
4.000 3.900 0.050 0.065 0.011 0.012 0.035 0.015 
5.000 41.860 0.070 0.085 0.014 0.015 0.055 0.015 


MawwNNN —————— 
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Materials in Advanced 
Electronics Design 


Progre SS in advanced electronics design has increasingly become 
a function of materials research, development and application. His 
torwally, this has been reflected by changes in) component size 
configuration and characteristics. One phase has seen the introduc 
tion of miniature and subminiature components. Today. we see 
the emergence of solid state components and circuits. Materials 
thus form the basis for new areas of electronic product design far 
heyond the day of early electronics. The interrelation of mate 


rials. components, circuit: techniques and ultimate product design 


analyzed and graphically shown in this discussion. 


in be met. Further if ivs that ithiinn the Tinnats 
ipplicability of the avatlable components. circuits are 
ned. constructed and built into end equipment 
hy y some of the tnportant details of material 
mponent elements are revealed Here we see that 
of materials and kinds of engineerin applied 
ire basic to achievir the inious types ol 
ments needed to permit) a chotee in designin 
structing a circuit. The treelike structure in the co 
retard ponent bhoak with = the welive element is its hbase 
ureraft. Rather, iti —\rriby lly illustrates that the demands of circuit desigr 
ible to withstand the caus nature of the active element to influence the 
anal ph wa condition rey nature « the associated components Progressively, thi 
1 the applieation of the latest wtive element moves through the vacuum tube age, the 
odynamic design miniature vacuum tube and now the transistor 
| seeks to show how mate brom a materials standpoint, the development of eles 
iprpodac ition of materials t tronics can be divided into three eras | early electron 
ots for the organ rowth of ios. the period before L940 2) advanced electronics 
entially this chart says that 1 which began during World War Il: and (3) the present! 
iaterial ind necessar production technique developing era which, for want of a better term, may be 


the demands « component ind crreunt ake termed the new electronics. ” While the roots of the new 





Others Delay Lines 


Batteries Converters (Vibrators) 


Switches Rectifiers 
Electronic End Products 


Chokes Relays 
Circuits 


Connectors Transformers 


rey 


: Active Element 
Electronic Components 
Moteriais and Engineering 
Materiais 


Engineering 
ELECTRONIC TREE 
FIG. | Types Kinds 


THE COMPONENT ELEMENTS OF THE ELECTRONICS 
TREE AND ITS MATERIALS AND ENGINEERING ROOTS 
FIG. 2 


electronics o back to the war period this era really did design by the emer ‘ the transistor uu LOLS Pha 
not begin to take form until the postwar years 


histors developmetr not the first departure from 


are traced conventional Componer onstruction Actualls therm 
in the composite charts shown in hy 5. In Chart \ tor varistors. diode 


These three eras of electronics development 


ne Ly poe ol depo ite«ad filen 
the growth of early electronics ts self-explanator It i stors had alre developed 
ipparent in the development of design forms that toda (hart in bi trace the growth of electronic 
in be considered is classical \s We miave alon i | I based on uct ! material Component ima 
Chart “BO the first results of advanced electronic ire octated engineer most stuntheant distinetion 
shown wm ther no to the roots of materials and e1 } ween the new electro id the advanced electron 
meer progressin through the avatlabilit ol nes that it rows out of the tran 


istor rather than out o 
pes of component mad cireutts It will be noted that thie 


wuurm tube But there il other notable differer 


ore important Siriki 


ot 
in this advanced tree materials piaved at chance eer root ie 
role whittle ily ine ! electron Cotponent dominates ‘ ! ( hdenes hom j | of overnin thie 
the scene I hve i ( essential hound that electron 1) material 
is now nore lependent itt oli electron 

ill 0 nature mponent eireutl 
technique doi produc component 


( l it) taetor 
The components ol thi tree difter troy j | i ectror era 
irl electron tree mponents « ‘ ' i their analo 


at the i mm ore ed 


ru 
Tt different ranges hor example ollaue temperature rdalither wt 


maller. better sjoned, ¢ ipable 1 operatin ‘ 


ind frequen ! ind irious atmospheres. kurthe 


olher tre 
t will be noted that several component nceorporaty 


' ot ‘ i much reatet 
basi material resulted ire 


m the development effort de ol appl no as functional circuit elements thar 


arvipole ire ceramic and tantalum capacitor mid ler wmuum tube We the tree that transistor occur 
rite core transformers. These can be considered as havi it two location ind opposite rela 
iivanced = electrochemical advanced electrovacuum-me ‘ isin the lransistors could 
chanical. advanced electromechanical and pseudo soli so be inserted 


in the early ele ors which the replecs 
\s shown in il enatr i the 


circu electronics tt 


site mechany 
state constructior ompared to those 


tronies tree component 
In the upper part of ¢ hart B thie printed the avatlabiltt 
technique for connecting components into 


1 eircuit 3 emiconductors. tail electrics and pecial 


metals. The full OV ! this 


—e’rrilecoolr le el knowledge 
ductors was brought sharply to the attention of electronics optical and 


introduced in its historical context 


tree depend upon 
The reat potential of structurally tatlored 


on hip betweer thy 


magnets property a emionadure 





Electronics Volume, Projection for 1960 


Result of Eorly 


Result of Advanced Components, Printed 
Components ond Moterials 


Result of Solid Stote and Semiconductor > 
Circuit Subossemblies ond Motenols 


Devices ond Solid Stote Circuitry 


Color TV; Personal and Portable Radios,and Block and White TV, Militory Electronics; Business Automation; 
Communications ; instrumentation; Home Applionces ; Medico! Aids; Computers, Transportation 


Wired Wired ond 
Circuits Printed Circuits 
i ! 
| ' 


Electronics Volume, Estimated for 1954,$8 Billion 
Resutt of Eorly Result of Advonced 


Components ond Moteriols Components ond Moteriols 


een ee 1 


! 
— . aenenninnill oe 


TV ond Radio, Military Electronics, Communications; instrumentation ; 
Home Appliances; Medicol Aids , Computers ; Portable Units; Transportation 


Wired, Printed and 
Solid Stote Circuits 


Result of Solid Stote 
and Semiconductor 
Components and Moteriol 


Wired ond 
Circuits Printed Circuits 


Wired and 
Printed Circuits 


Nonlineor Copocitors 


Semiconductor Crystal and Scintillation 





Delays Counters 


Noturol Quortz Oscillators 


Dry ond Wet Cells 


Mechonico! Switches 


Wire Coils 


Wire ond Mechonicol 
Connectors 


Wire ond Composition 
Resistors ond 
Rheostots 


Resistor Capacitor 
Deloys 


Mechonical Vibrators 


Tube Rectifiers 


Magnetic Reloys 
Metal Core-Wire 
Transformers 


Air, Poper, Aluminum 
Electrolytic, Mica 
Capacitors 





Miniature Botteries 


Minioture Switches, 
Mechanical and Tube 


Minioture 
Wire Coils 


Printed Wire and 
Mechanical Connectors 
Composition 


Resistors 


Mechonico! Vibrotors 


Rectifiers Selenium 


ond Minioture Tube 
Miniature Magnetic 
Reloys 


Ferrite Core - 


Wire Transformers 


geromc and 
antalum Copocitors 


New Types 


Thermistors 


Thermal ,Solor ond 
Nucleor Batteries 


Tronsistors 


Printed ,Wire,and 
Mechanical Connectors 


Deposited Film Oxides. 
Carbon ,and other 


Resistors of this type 


Voristors 


Germonium and 
Silicon Diodes 


Transistors 


Deposited Synthetic 
Film Capacitors 


Miniature 
Vacuum Tubes 


Advanced Classical 
Design 


Moterials 


Vocuum Tubes Tronsistors 


New Solid State 
Design 


Moterials 


Classical 
Design 


Moteriais 


Metols 


Engineering Engineering Engineering 


Electromechonicol Special Metals Advonced 


Electrome chanical 


Tailored 
Semiconductors 


Solid Stote 
Physics and 
Electronics 


Solid Stote 
Semiconductor 


Dielectrics Electrochemical Special 


ielectrics 


Advanced 
Electrochemical Tailored 


Dielectrics 
Composites of Metol 


and Dielectrics 


Advanced 
Vocuum 


Chemical 


Special Metols Surfoce Chemistry 


Ceramic Miniaturized 


Electromechonico! 
Minioturization 


A. Early Electronics Tree B. Advonced Electronics Tree C. New Electronics 


RESULTS OF ADVANCED AND NEW ELECTRONIC COMPONENTS, 
MATERIALS AND CIRCUITS ON END PRODUCT VOLUME 


Tree 


FIG, 3 


ELECTRICAL MANUFACTURING 





Structurol Heart of Number of Active 
Component Electrical Boundories 


Nome of Component 


Resistors,Capacitors; Magnets ; 
Thermistors; Piezoelectrics, 
Photoconductive Cells 


Germanium ond Silicon Rectifiers; 
Solor Batteries; 


Photoelectric Cells 


Germanium and Silicon Tronsistors 





Thermoelectric Bottery 





Solid State Circuit Voriable 








Electroluminescent Piote,; 
Phosphors 


CORRELATION BETWEEN "STRUCTURAL HEART” OF COMPONENTS 
AND ACTIVE ELECTRIC BOUNDARIES 


dielectrics (both film and solid) and the methods used (hart ““ 


propect the electromte 
in produ ing them 


future and ive preadietiol on the relative nfluence of 


lhe trend toward production iutomation, the desire tor the three electro: ponent tres n electronic 


simplification of the construction of complex electronic markets 


equipment, the necessity for subminiaturization, ru ed Puan 
ization and improvement in) equipment comprise the of the com 
major forces that demand the rapid maturation of new 


tructural heart 
electron components 


Other forces, also generated b the de velopment pu Ses } ' ia Wny a0) ircurt and 
these components, increase the oO} of the materials | roluminescent late ind’ pho ‘ neluded 
For example, new circuit design inciples such as tras Lif} onents o1 


sistorization and printed circuits radically influene 
oncept ol circuit desien ons 
iven to solid state type 
state components 

primar emphasis in the future wi 
olution of a solid state electronic 

iddition to thorough ¢ \ploration 
ved potential for ichieving electroni 


attentior will be given to de elopi 


such as solid state ind film « 


t circuit would ippear i i 
opposed to a maze like yire connec 
ts or a series of individual con 
eether by a printed circuit diagram 
kventuall it can be expected that associated 
based on nonlinear capacit rs as active element 
ind also perhaps nonlinear magnetic elements as active 


elements will be de eloped 





veh Components depend upon the progress made i 


tructurall tailoring the bulk materials and de velopin 
methods of processing for achieving 
types of electrical boundaries which vield the best prac 
tical device 

The transistor group (third in Fig. 4) possesses tw 


electrical boundaries in the tructural heart. The achieve 


ment of satistactory operation tor this Ly pe of device and 
lor variations of at depend on many factors such as the 
nature dimensions and separation of these boundaries 


is well as the basic electrical properties of the individual 


part into which the boundaries 


material 


In the next ‘roup in the figure we see still another 
Class of component with two electrical boundaries. In this 
cuse the eparation between electrical boundaries does 


pla in important role. This type of structure is 


characteristic of a thermoelectric generator 


various and optimum 


electrically divide the 


one type of 
olid state energy convertor 

One more observation stemming out of these observa 
tions: The ability to structurally tailor semiconductors 
to a specific value of resistivity is one of the first steps 
in semiconductor device development. Of course. other 
properties of the basic material are also vitally important 
and these are different for each of various devices. For 
example. the limiting temperature of operation, stability 


ind other factors restrict the type of basic material whic h 


can be used as the heart of a particular device or com 


ponent 

In this discussion we have developed a concept that 
allows us now to contemplate the combination of the 
structural hearts of the various components into one 
block of material. Hf these various hearts were arranged in 


one solid) structure according to a specifie eireunt desion 


Table 1—Convenient Definitions in Electronics 


eae ee —————eEE——————EEEellllllElllllEE——— 


Types 
Circuits Wired 
Embedded 


Solid state 


Components 


Conventional electromechanical vacuum 


Conventional electrochemical 
Advanced electrochemical or pseudo solid 


state 


Solid state 


Materials Conventional metals 


Conventional dielectrics 
Tailored metals 


Tailored dielectrics 


Tailored semiconductors 


NOTE 
Definitions for the basic electronic circuits, components 
and materials are summarized here in Table LL. The 
rapidly increasing importance of materials in the 
last decade is strongly evident in the emergence of solid 
state circuits, solid state components, and tailored metals. 
dielectrics and semiconductors. Without overemphasizing 
the concept of solid state circuits, it is evident that the 
today the trend is definitely in this direction, The com 
parison between the conventional and solid sate elec- 
tronic components in Table Il is impressive in that 
already almost every conventional component has a solid 


Conventional electromechanical 


Examples 


Old, conventional type, using large-size compon- 
ents. 

Circuits embedded into cast resins, such as epoxy 
or polyester. 

Future type of circuit which eliminates connectors 
and amounts to building a portion or all of a cir- 
cuit into a solid. 


Wire resistors, paper capacitors, wire coils, metal 
core wire transformers, toggle and knife 
switches, vibrators, wire rheostats, etc. 

All types of vacuum tubes, excluding some recent 
special varieties. 

Wet and dry batteries, electrolytic capacitors. 

Ferrite core transformers and chokes; electro- 
static clutching relays; piezoelectric trans- 
ducers; deposited film rheostats. 

Semiconductor diodes, transistors, varistors; 
thermoelectric, photoelectric and atomic bat- 
teries or generators; scintillation and crystal 
counters; delay lines; bistable switches; also, 
deposited film resistors, ferrite and ferroelec- 
tric memory devices, etc. 


Copper wire, aluminum foil, etc. 

Ceramic porcelain, glass, phenolics, paper. 

Such as nonlinear thermoelectric powder metal 
alloys. 

Barium strontium titanate ceramics and family of 
related substances; polyester (Mylar) compo- 
site insulation. 

Germanium alloys, silicon alloys, intermetallic 
compound alloys, oxide solid solution, single 
crystals of a number of these materials. 


state analog. It is here that new areas and new horizons 
are opened in the design of electronic products. Materials 
are increasingly being integrated at the onset of such 
design, and at the component level. The electrical, 
chemical and mechanical compatibility of accessory 
materials used in the design and construction of the 
product is also of paramount importance. For example, 
the development of a suitable insulating coating or base 
material for film resistors or selenium rectifiers is as 
important to the achievement of a satisfactory end prod- 
uet as the nature of the basic film or selenium structure 
in these devices. 


ELECTRICAL MANUFACTURING 





id with due re ard to definition of the cireuit path the 


result would be a solid state 


( omple " 


circuit. The achievement of 


structural hearts in solids is primarily a matter 


of coordinated and carefully directed development and 


applic ation of materials 


The perspective ot the 


electronics given here leads 


proved components of all the types listed in Fig. 4 are | 


required in order to meet 


tives of electronics product design 
<vnthesis of better materials 


is the first step toward achieving these objectives. Also it 


tronies tree is” basically 


vrowth and development. of 


to the conclusion that im 


dependent on a} producing 


Summary 


present ind future objec 
Lhe development and 


see also Figs » and 6 


-tructurally tailored materials with preferred properties ae 


ind hy 


electrical boundaries and 


Component 


Rectifiers 


Amplifiers 


Oscillators 


Detectors 


Voltage regulators 


Switches 


Resistors 


Rheostats and potentiometers 
Inductors 


Batteries and converters 


Transformers 


Other converters 


Capacitors 


Relays (see also under con- 
verters 


Memory devices 
Connectors, jacks and plugs 


Delays 


Lamps 


accumulating a vast amount of knowledge about 


Ways ina meats ol devel 


Nature of the “Old Components 


Vacuum tubes 
Vacuum tubes 


Vacuum tubes and quartz crystals 


Vacuum tubes 


Vacuum tubes 


Electromechanical, such as toggle and knife 
switches; vacuum tube switches, such as 
the mercury switch 


Wirewound, and composition mixture; 
molded film types; composition type 


Wirewound and composition mixture types 
Wire chokes and coils 


Electrochemical dry and wet batteries 


Wire coils on an iron core 

Vibrators; relays; motor generators; photo 
tubes; quartz oscillators 

Air plate, mica, and electrolytic types, in- 
cluding aluminum oxide and tantalum 
oxide 

Magnetic relays 

No exact counterpart, although complex 
vacuum tubes are used, 


Electromechanical elements 


Resistance, inductance, and capacitance 
networks 


Fluorescent and gas lightbulbs 


ore such boundaries in 
materials 


and multiple 


kissentially 
in the new 
Developin to a high level the basi 
about the relationship between electrical 


dielectric and magnet 


obtain 


properties and 


a number of selected types of 
as to achieve party ular electronic functions 


electronic functions within. the olds 


the major challenges on the materials tront 


electronics field are the following 


know le a ‘ 
opti al 


properties ol semicon 


ductors and dielectrics in both bulk and film form 
and the 
is clearly evident that the development of the new ele ’ Processing of 


nature of tailored solid structures 


surtace of solids to obtain preferred 


electrical properties 


nthesizin ind tatloring basic solid structures to 


solids with specific sets of bulk electrical 


special types ol electrical boundaries 


Table tl—The “Old” and “New” Electronic Components 


Nature of the “New’’ Components 


Selenium, copper sulphide, copper oxide german- 
ium, silicon and titanium oxide types 


Germanium and silicon transistors; barium tita- 
nate, nonlinear ceramic capacitors 


Transistors; double-based diodes; thermistors 

Silicon and germanium diodes; lead sulphide in- 
frared detectors; galena crystals; thermistors; 
crystal and scintillation counters 


Silicon carbide varistors; special germanium and 
silicon diodes 


Germanium and silicon double-based diodes; in- 
dium antimonide magneto resistors; german- 
ium bistable elements and photo transistors 


Carbon film, tin oxide, palladium-gold and metal- 
lic film types 


Deposited-film resistance element type 
Deposited metal film 


Thermoelectric, photoelectric and atomic energy 
converters 


Wirewound, ferrite-core type, with possibility of 
printed wiring on ferrite cores 
BaTiO, piezoelectric transducers 


Dielectric film type; glass and ceramic devices 


Transistor devices; electrostatic clutching ele- 
ments 


Ferrite and dielectric storage units 


Semiconductor elements 


Electroluminescent plates 





Semiconductors Semiconductors 


Useful in Useful in Dielectric 
Metols Semiconductors Rectifiers, Photocells, Moteriais 
Useful in Tronsistors, Thermistors, Useful in 
Resistors ond | Photoelectric Generators, Voristors, Copacitors, 
Thermo-generdtors Magnetic Ferrites, Magnetic Ferrites,and Dielectric Amplifiers ,and 
ond Voristors Electroluminescent Piates Piezoelectric Devices 


2 4 


10 10 


Resistivity in Ohm-Cm 


BREAKDOWN OF SEMICONDUCTOR APPLICATIONS BY RESISTIVITY OF FUNCTIONAL MATERIAL 


hig. 5--In the case of all solid state com- resistivity of the basic material in which made using basic materials with 10 
ponents, there are relationships between the electronic function is accomplished ohm-em or 10° ohm-em resistivities. Also 
(a) the material specifications for achiev This arises from the fact that there is a it is difficult and impractical to make a 
ing a particular device action, (b) the general relationship between (a) the satisfactory resistor with a zero tem 
resistivity of the material, and (ec) the occurence and magnitude of phenomena perature coefficient of resistance using 
chemical nature of the material. This which are basic to device action and (b) materials with greater than 10~! ohm-cm 
graph shows that solid state devices can the resistivity of the solid. It can be resistivity. 

be categorized according to the specific noted that practical rectifiers cannot be 


Purification of oli o that thev can be tatlored In closin it is pertinent to mention that the tuture 


eflectivel this 1 well known to require purify i whievement of the various objectives such as production 


tion to better than one part in| LOO,QOO.000 in the ind business automation. simplification of complex equip 
ermanium and silicon for tramsist ! ment ubminiaturization long-life equipment highh 
Otmponent reliable components ind many new commercial products 


how to produce unction \ is indeed a materials selection and appli ition job of vast 


ind dielectric Oo | : ' , proportions Ni lon I “ look on electronic is an 


ired electrica engineeri field ive ror materia 


ther side of it Acknowledgment 


technique - 


metalluren 


atone il 


big. 6-—A further aspect of the relation 

ship between device application of a 

material and the nature of the material 

is revealed here. One particular type of 

compound, lead sulphide, for example 

can be made to exhibit a wide range of 

resistivities. This variation in resistivity 

is accomplished by varying processing 

Photocells techniques and making slight elterations 

hermoelectr 


en in the structure of the lead sulphide. As 
Generators ' ; infrared 


Detected shown, this variability of resistivity allows 


lead sulphide to be utilizable in several 
different types of devices. (These are not 
commercially available, only laboratory 
constructed. ) 


oo — aemnmseel 
10 * 10° 


Resistivity 


APPROXIMATE DEPENDENCE OF DEVICE APPLICATION Of 


ELECTRICAI FACTURING 





IRA RITOW, Principal Dynamics Engineer 
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The Impact-Momentum Equation 
in Servo Design 


In the impact-momentum method* of servo analysis. the designer always begins with the as 
sumption that the system is “no good” (1.e., that the load will oscillate). Then, he compares 
impacts (torques) with momentum to see if the assumed oscillations can actually exist. Al 


though pessimistic. this approach certainly ts safe and has the added benefit of simplicity 


\s BROUGHT OUT in the previous articles, the analysis for physical problem a non-linear analysis is closer to reality 

stability is a major phase of servo design. The early stages and will vive better results than a linear analysis. Another 
f design consist largely of selecting servo Components point to be considered is that in instrument servos, the 

that will provide the desired degree of response But non-linear effects of error (or motor torque) limiting 
» matter how careful his selection, the designer can never backlash and Coulomb friction are often the major fae 

be sure that the completed system will work. or. in other tors that determine stability. As a result. the conventional 
vords, will not be subject to undesirable oscillation 

intil he has resorted to stability analysis. In the pre 

eding article, the linear approach to servo analysis was 

described. This article begins a coverage of non-linear 


methods with a discussion of the impact-momentum — ° 
inalysis. which ts especially helpful in the design of in Kditor 8 Note 


strument-type servos As the majority of servos fall into Th tiel the fourth of ff + 

8% «€«arricie s e yur ° a series Oo ¥v@ arvicies 
the instrument servo class. an analysis tailored to thi vering the | principle { servomechar 
° in 1e asic yr iples o servomechanisen 


tvpe ot servo is a necessary part of the servo desiener s desigr The first article was @ qualitative intr 


background juction; the second explained how to predict max 
\ linear analysis is usually more palatable to the ce mum servo performance; and the third dealt with 


mer than a non-linear analysis for two reasons. First near analysis of a servo to predict its stability and 


I operating characteristics The two conclud ng af 


i linear analysis of a system or servo is made, a wealth 
powerful mathematical tools such as caleulus opera be analysis methods suitable to nor 


f ‘ ta r iscusses ¢ methoc of 
il mathematics and complex iriable theor can be a method 
' strument 
it advantage econd, because the bulk of eer 
small, such 
el meet! learns in co . either 
omatic 


ippro. 





ache qu ile 


i 

ition 
obtained 
wlude the eflect ii ! works (fe 
ous dampur nertiia and tinite tine 
rrov limiter backlast ind C.ouloml 
on. In this anal hich know! inipact 
momentum method, the tatorlit ol oa % design Is 
determines ) issuirnit oscillation ind’ then checking 
could tn ustained by the serve. Tf thes 
ustained thi i] never 


table 


ippear aclsothe 


fhe heart of this anal is the balance between an 
iat dinpaet and anvula omentum in a rotatin 

ertia. A rotating inertia i flywheel. has an an 
ular momentum equal t dyne-cm-see where J is the 
rotat moment ol merty ranmecm ind is the an 
ular veloc in radians per second. This momentum 
i} remain constant une lorque os applied to the sy 
tem for some finite period of tine Phe application ol 


i change in momentum ven by 


ii (Jw) 
/ forque i 


Teoneguae «uti 


(da) chanve u i voto in dyne-cm 
\nother term for (74) 4 iivular dnpact In the event 
vat the lorque ine durin the time interval. 7 is the 


erave value ol ipplied torque In this analysis thre 
ular impacts delivered to the load during two. sur 
of ive quarter evel of an assumed load oscillation are 


idded tovether If the 


ustained at a constant srripeliturele the sum of the aneular 


cillation 4 one that would be 


inpact durin two wee we quarters would hve sere 


ind the magnitude of the total angular Wnipact i either 


juarter would equal the peak load angular momentum 


Other tartoality tale ma be predicted b thre annie 


tiie if) 
li tpopetbe ation ill po itole Prequenet ane aryipolitunele 


mned by a rapid raapohine i} construction mm order 


detect condition col proossnbole pscillation lhe method 


be used to analyze linear servos with no mherent 


i 


ipopone imation mid onl Prequene te need tv scanned 


non-linear lem rounded pee thhatte 


Cc 
("prions 
friction 


J 
(inertia) 


F 


(ipso) 
friction 


8 
(Bocklash) 


Fig. |—Block diagram of 
a typical instrument servo. 


jitter ire predicted in both lrequen ind amplitude 


and in the course of analysis. the components Causin 


nstability are displayed so that their relative importance 


IMwOoOmes € vident 


mechan 


General Solution. \ typical instrument sery 
2m is shown in ki PS oe i ae Be 


nput shaft rotation. errors 


ind / represent 
output shaft rotation. viscous 
Coulomb friction and backlash. re 
Phe purpose of the impact momentum method 


stability of systems such as this In 


dampin inertia 
pect el 

lo predict the 
other words. the aim is to predict the frequency and 
unplitude of steady-state oscillations that will appear in 
i typical instrument servo where such oscillations are 
tolerated in order to obtain high gain and high velocity 
constants. et 

Iwo approximations are made in this method | 
if a steady-state 


be approximately 


oscillation exists in the servo. it will 
sinusoidal at the inertia shaft: and 
2) the effects of harmonics introduced through back 
ish during an oscillation are small 

Consider a servo with zero input and with an output 
oscillation as 


\s the displacement of the output shaft fol 


inertia which is undergoing a sinusoidal 
in by 2 
lows a sinusoid in time, the instantaneous angular mo 
mentum of the inertia follows a cosine wave in_ time 


If the oscillation is sustained by the system. the differ 


ence in load angular momentum between any two points 


in time must equal the total angular impact received 


by the load during that period Krom time c«¢ to time « 


lor example there is no net change in angular momen 


tum: therefore the total angular impact) received by 


the load durin 


that period must be zero. Or, as angulas 


momentum reaches a peak at time ¢ and is zero at times 
inde, the angular impact delivered to the load from 


tinny to time d¢ must be equal but Opposite in sign to 


the angular impact delivered to the load from time d to 
time e if an oscillation is to be sustained. A second rule 


which the 
citlation 


system must obey is that for a sustained 


of constant amplitude the angular momen 


tum al time must equal the sum of the angular Impacts 


delivered to the load from time ¢ to time d. The re 


mainder of this article will be concerned with the caleu 


lation «fl meular lnpact from the Various torque 


nertia angulor 


inert i 
displocement sete 5s ul 


ist 2nd 3rd 4th ist 
quorter quorter quarter quarter quorter 


Fig. 2—Anertia displacement and mo- 
mentam during a sustained oscillation. 





producing sources which act on the load and = with ram-em \ formula which will be of use later us— the 


methods of applying such data to predict stability resultant amplitucde of the oscillation of the load if the 


The following sections contain the derivations of the ilues of inertia, peak angular momentum and tre 


iigular impact and angular momentum equations used queney ol oscillation are known. This ts iven by 


n the analysis. For those who are not interested in the 


\/ 
detailed development of these formulas. the key formulas 


have been starred. thus / 


Calculation of Angular Load Momentum. \- 


Calculation of Angular Impact Due to Coulomb 
sume that the output shaft and load follow a sinusoidal 


Friction. [he angula: Impact during a particular quartet 
mscillation of the form f a evele due to Coulomb friction is given by 


1 sin wi (2) 


/ if Charst feonarthy cpuarte bi 2 (6h 
where 4, is the instantaneous output displacement in ra 


\ | / = | ‘ lat rade d ‘ _ ad lo 
dians: A is the peak output displacement in radians ee oP ERENT UPON Wh CTR Nee oe 
Coulomb frietion torque C in dyne-cm: and Af is the time 
is the circular frequency in radians per see, and ¢ is the 


ol i art | Seca) ds | or he (>) thre follo 
time in seconds. From Eq. (2) the instantaneous velo ge ae Aen ” sito : . 


ing equation ts derived 
itv Is: 


‘ 

(hi 
where 6, is the instantaneous velocity in radians per 
second, Setting hq. (3) equal to a maximum and using 


Notice that the angular Impact delivered by the Cou 
the fact that angular momentum equals inertia’ times 


lomb friction is negative a fact which indicates that 
velocity results in 


the friction will decrease the total angular impact ce 
V/ fA (1) 


livered to the load, and that it is the same for the first 
where M is the maximum value of angular momen ind fourth quarters of the 


evele. In other words. friction 


tum in dyne-cm-sec and J is the inertia of the load in stabilizes the system 


Calculation of Angu- 
lar Impact Due to Viscous 
Friction. The angular impact 


due to viscous friction in a 
Torque phose log for first quarter, deg 


180 225 


quarter-c ye le is the integral 
of torque times time through 
1 quarter period and is given 


by the following 


where F ois the coetheient of 
Iscou damping in dyne-cm 
pet radian per set and /,, 
is the angular inipact in dye 
cm-sece due to viscous damp 
ing during the quarter cycle 

om the above expression 
the following ma be le 


rl ed 


Averoge torque during quarter cycle in per cent of peok torque before limiting 


90 135 


Torque phose tog for fourth quarter , deg ‘ pl 
iy ; erage 


Lorque limiting 


quarterly torque 





Notice that as the effect of 


iscous damping is stabilizing 


during the first and fours quarters of the cycle, viscous 


damping removes angular impact o1 decreases the an 


; ular Tricor nium of the load dur ny the =¢ quarters It 
is interesting that as the time of cevele decreases with 


Mnecreasinyg lrequen¢ y and the peak magnituce ol the 


meou damping nC reCases with mncreasiny lrequene \ 


the resullant angular impact due to viscous damping 
invariant with frequency 
Angular Impact Due to Motor Torque. | hie angu 


lar impact due to the torque of the motor is given by 


low ly / (| 


Vheve lowe is the angular Wnipact delivered to the load by 
the motor during a quarter in dyne-cm-sec, and Twacy is 
the averaye 


motor torque during the quarter in vie 


em From kg 12 


comes 


hiiet ive thie invular eflect due to motor 


Whether this torque is a stabilizing or destabi 


Inipact 
toraue 
1iZinh influences depends upon whether it is a nevalive 
1 a prositive 


conic which 


40rd durin a 


torque By convention. a positive torque 


would aecelerate the load away from 


prositive displacement Given the phase 


invle between a osinusotdal motor torque curve and 


thre ai placement curve the iwerave motor lorque cle 


livered durin a parte ular quarter in per cent of ye ak 


motor lorque Is uniquely determined This has been 


calculated and is shown in big. 3. The curve referred 
to is the one marked “no limiting This is the case of 


t sinusoidal torque delivering angular 


impact during 
Notice that two seales of 


indicated so that 


i sinusoidal load oscillation 
phase lay are from this curve the 
erage impact during both the first and fourth quar 
ters of oscillation may be found, Later 


tion of stability 


in the determina 
angular Impact will be caleulated dur 
ing the first and fourth quarters of the oscillation. Phase 
which the 
the assumed output shaft oscillation. 

Effect of Backlash on Motor Torque and Motor 
Angular Impact. Backlash in the 


lav, big , is the number of degrees by 


motor torque lags 


position shown in 


| iv | causes a shift in phase and a change in amplitude 


of the 


As a result, as far as the first harmonic is concerned. 
backlash could be 


work which contained 


fundamental harmonic of the output oscillation 


replaced at one Trequency by a net 
a phase lag and an amplitude 


change. In the case of backlash in a sine wave. the second 


small and in this analysis it will be as 
eligible. The 


one-third the amplitucl of the fundamental in the worst 


harmon I* 


umed to be ne third harmonic is about 


case, Which is a square wave coming out of the back 
lash unit 


The effectivens of torque in the motor due to this 


third harmoni component is) one third the effectiveness 


of the same peak torque which is at the fundamental fre 


quency beeause of the fact that during on 


quarter of 


load oscillation the third harmoni« torque curve will 


uncle rvo three 


quarters of oscillation and. on the aver 


age, two quarters will cancel each other. As a= result 
third 


It ean also 


the maximum error resulting from droppin the 


harmonic term would be about Tl per cent 


be shown that the harmonies after the fundamental will 


contribute different values of angular impact during 


Amplitude 


+ 


big. 4 


mental 


Kffect of backlash on funda- 


component of oscillation. 


the first ina 
tribute 


the second and fourth quarters. They tend, as a result, 


third quarters, and similarly. will con 
different magnitudes of angular impact during 


not to affect stability so much as to cause any existing 
The effects of 


these harmonics may be dropped without appre iably 


oscillations lo he non sinusoid in shape. 


iflecting the design data in most servos Lhe amplitude 
shift and phase shift through backlash are given in Fig 
L. It should be noted that the amount of backlash is 
defined as the total angular play in gearing in either 
shaft held fixed 
The peak input oscillation value is A of Eq. (2). 

Effect of Time Delays and Networks. \ constant 
time delay in the amplifier, such as would be specified 


input or output shaft with the other 


with a half-wave magnetic amplifier, results in a phase 
shift which is proportional to frequency and which may 
be readily calculated and added to other considerations 
in determining the motor 
delivered to the load 


torque and angular impact 


The equation 1s 


) 
0 4.0 wil 


where © is the phase lag in degrees and ¢, is the time 
le lay ith seve onds 

Networks in the amplifier or in the feedback path add 
phase shift and cause amplitude shift as a function of 
frequency. The effects of networks may be combined with 
the effects of backlash and time delay by, at each am 
plitude and considered, adding their 


frequency phase 


shifts and multiplying their gains 

Effects of Torque Limiting. In the event that torque 
limiting occurs at the motor or within the amplifier, the 
resultant angular impact delivered to the load during 
any quarter is reduced in amplitude and is unchanged 
in sign. By the use of the per cent limiting curves of 
Fig. 3, the resultant lowering of angular impact by torque 
calculated lhe 


‘square-wave torque” in Fig. 3 gives the 


limiting can be readily curve marked 
angular impact 
as a function of phase angle, assuming a square wave 


torque coming out of the motor. This is useful in the 
analysis of on-off systems or in cases where the extent 
of limiting is so great that a square wave 1s delivered 
by the forward amplifier. The per cent limiting is de 


fined as the loss in peak amplitude due to limiting 





ball aleauc eee Pe 
eel 


Se NER 


Fig. 5-—Angular impact component 


during an assumed oscillation 


‘ Kpressed é i percentage ) pe ik amiplituce 
lmutin 
Application. \ constant umplitucte oscillation is as 


sumed ina ith i ) thie Corti} nent if ulat Impacts 


Toto! angulor impoct during quorter 


delivered to the load are plotted against lrequency tor 
the first and fourth quarters ol the oscillation Phe fourth 
quarter is the same as the quarter to the left of the 
origin. The horizontal line marked is the angular im 
pact due to viscous dampin It is negative. is invariant 


muipact us trequency 


y y vilar 
vith frequency and is the same for the first and fourth , anal fourth quarter 
The curve marked C is the angular impact de 


livered to the load as a result of Coulomb frietion. It 


qu irters 


il HVeTst function ol lrequene \ is rit alive ind is 
the same for both the first and fourth quarters 

Phe angular impact due to motor torque is different 
in the first and fourth quarters so two curve ive drawt 
Notice that positive angular impact is delivered durin 
the fourth quarter and negative angular impact is de 
livered during the first quarter. As a result. the motor 
tends to increase the angular momentum of the load 
during the fourth quarter and to decrease the angular 
momentum of the load during the first) quarter. “The 
raphical sum of these angular impacts is shown in ki 
6. At the frequency indicated by /,, the same impact i 
iven to the load during the fourth quarter as is removed 
from the load during the first quarter: namely, a. At 
this frequency, therefore, sustained oscillation is pos 
sible, assuming that the peak angular momentum of the 
load is equal to the total impact a at the assumed am 


hig Stability diagram for 


plitude and given Irequency | By successive trial and the prediction of oscillation 


error, it would be possible to determine the frequency 


ind amplitude of a possible oscillation 


lo speed up this process a plot is made as shown il total quartet inpul © 3 ul ‘ tive ue of poe ik mivulat 
hig ‘ The only information retained from hig » Is the momentum ind iecur ‘ oad os illation unplitucde 
amplitude, 6. of oscillation (which was assumed to begin 


is a function of trequene : wn to show at each tre 


quency the amplitude of load ose lation which would use 


up thre iven impact Where the two curve intersect 


with the frequen /.. at which sustained oscillation 


would occur: and the total impact, a, delivered durin 


the fourth quartet When the lrequene the total impact 


ustained oscillation may appear in the system 
ind the inertia of the load are known. the umplitucte ol 


: eneral rule can be tated a o Whether the re 
oscillation which the load would follow is) calculated 


hes hove or below. the 


and is the value d. In other words, the point (f / is a 


tion curve in a stable system If 


possible oscillation frequency and amplitude, and at that rsect, the system will be stable 


frequency, d is the amplitude of oscillation that the load If thev interac tem may oscillate at the frequen 
will have to follow to up or store the impact delivered 


ind implituce mndicated 1 hie ord mia 
by the system to the load 


ible ra tem to rematsr 
lhe path of possible oscillation curve of Fi os the 


wus formed by taking several case each of 
implitude, and determining by the construction 


the frequen if possible o is. For each ¢ 





Motor Noise 
Is an Equipment 
Designers’ Problem 


Noise is a community problem and a growing 
one. New noise sources are developing daily. 
With them have sprung up a host of legal im- 
plications ranging from a lawsuit in one city 


over the noise from a neighbor's air conditioner, 


to dropping property values in the residential 
area of another near a new jet airplane base, to 
increasing workmen's compensation payments 
for industrial deafness. 

Machinery noise is a large contributor to the 
community problem, placing a definite responsi- 
bility on the equipment designer. ELECTRICAI 
MANUFACTURING first approached the noise 
problem in November, 1954, with the article 
"Noise Measurements” which dealt specifically 
with the development of a test code for rating 
unit heaters for noise generation, but also set up 
test norms that have since been more widely 
adopted 

The problem is further amplified by the ac- 
companying article “Evaluating Motor Noise.’ 
The article is addressed to the designer of motor 
driven equipment caught between the criticism 
of his customer in the person of a plant engineer 
and the motor manufacturer. 

Although the most economical solution to the 
noise problem at the point of equipment installa- 
tion may involve acoustical treatment of the room 
(environment), the equipment manufacturer is 
more than likely to have been drawn into the 
picture on the basis that his equipment is noisy 
or noisier than neighboring equipment that he 
did not make. His first recourse may be to blame 
the trouble on a noisy motor and that involves 
the motor manufacturer. The motor manufac- 
turer has his limitations, both technical and eco 
nomic. Author Wall explains what they are. 

To show the integration of all three interests, 
the author takes as an example a proposed instal- 
lation of heavy motor-driven equipment where 
the motors are the primary noise producers. He 
illustrates a method by which the equipment sup- 
plier can estimate in advance of installation the 
noise level the motors will produce, and then 
recommend whether the installation can be made 
acceptable noise-wise by acoustical means—or if 
special quiet-running motors are required. In 
this case the problem was easily eliminated by 
using acoustical tile on the ceiling. 

But as the author points out in the article 
proper, this happy solution before-the-fact could 
only be possible from octave band analyses of the 
motors’ sound power generation rather than the 
overall sound pressure level as usually specified. 


R. L. WALI 

Vedium Induction Motor Departn ent 
GENERAL ELectric COMPANY 
Schenectad New York 


Evaluating 
Motor 
Noise 


lo help the heavy equipment manufacturer 
head off customer complaints 

of} noisy operation, here are 

some useful tools for predicting 

excess noise— particularly where 

the primary note source ts an induction 
motor drive. A short analysis 


ol motor noise itsell is also included. 


Pik COMPLEX NATURE of the noise produced by richie 
tion motors and the great diversity of motor uses, extend 
to motor noise evaluaton and sper ification. In determining 
veceptable noise characteristics for a given application 
we must consider the physical nature of the noise and 
the response of listener. This response is the focal point 
of interest. and its prediction ts the object of this article 
Only by predicting this response can we tell whether o1 
not the noise produced by a certain motor will be ae 
ceptable. The physical nature of the noise and the psycho 
lovieal reactions of the listener are closely related 
Therefore. we must think of each in terms of the othe: 


I he first step is to have an adequate physi al cle serip 





tion of the noise. This requires a dese ription of the latent 
ability of the motor to produce noise, the frequency con 
tent of the noise. and the distribution of the noise in botl 
time and space l 

Sound Pressure Level SPL. In the past. and to a cer 
tain extent even today, the tendency has been to specity 
the noise produced by a motor by only one number, the 
average overall sound pressure level. Sound pressure 


level in decibels is described by the equation 
Pl 


where P) is the sound pressure of the noise in question 
ind P,, is the standard reference pressure of O.0002 dynes 
per square centimeter 
In the past a sound level meter was used to measure 
the overall sound pressure level at several points at a 
pecified distance from the motor The readings wer 
iveraged to give a noise rating of the motor. This measure 
ment has litthe stgnthteance because it does not describe 
the distribution of the sound energy over the frequen 
spectrum. Furthermore it is a measure of the noise pr 
duced by the motor under a iven set of condition ina 
tos ditheult to use the data to estimate the noise pro 
duced under other conditions 
Loudnes and the quality ola nome are determined b 
its frequeney content as well as its sound pressure leve 
Motor noise is complex mad ois composed of man ire 
quencies. To begin describing the noise we must consider 
the distribution of the sound ene over the audible 
Prequene spectrum kor instance, two motors ma pore 
duce the same average overall sound pressure levels but 
their trequene spectra may be quite different as shows 
in kis |. The motor whose average spectrum ts show! 
curve B would sound much louder than the on 
represented by curve f because it produces mostly hig 
frequen noise while the latter produces mostl low 
frequencies. The ear is more sensitive to high frequencies 
is shown graphically in the classic Fletcher-Munson cut 
bj 2. These curves show that the response 
ear is non-linear with respect to both amplitude and 
quene 
Octave Band Analysis. Since the frequency content 
1 the noise plays such an important part in determinis 
noise qualit ind loudness. it should be considered when 
tluating motor noise. Octave band trequene inalyses 
provide, in most instances, an adequate description 
the frequency content of a notse An octave band analyzer 
is simply an adjustable band pass filter with an indicatin 
] This instrument. together with a sound level 
or another microphone stem. is used to determine 
ound pressure level in each of eight standard fre 
‘ hands Sf he de cps (9-150 150-300 OOOO) 
600-1200. 1200-2400. 2400-4800 and 4600-9600 cps. Some 
inalyzers are ¢ ipalole of determining sound pressure 
' or octave band 
Where reater detail - required is in evaluat 
nose i narrow band 
These instruments empl 


the 


d pressure level, 
db re 0.0002 dynes /cm? 
> 


oun 


Frequency, cps -> 


Fig. 1—Frequency spectrum of noise from two 
different motors, both producing the same overall 
sound pressure level: (A) predominantly low- 
frequency noise, (B) mostly high frequency. 
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Fig. 2—-Classic Fletcher-Munson curves show equal 
loudness contours of different sound pressure 
levels (SPL) as heard by the human ear, Note 
greatest sensitivity around 4000 eps. 
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{i iN 
— 7 
2% bandwidth analysis 


d 


em? 


g 


8 


Sound pressure ievel, 
db re 0.0002 dynes / 


& 


Frequency, cps 


Fig. 3—Comparison of octave band and narrow band 
analyses for the same motor noise. Plotted values are 
averages of readings at several points around motor, 























band anal sis ol the 


{} 


hor most purpose octave band analyses ive sullicrent 


detail of the Trequene distribution and are usuall pre 


ented in the form of the average of s« 
Where it is neces il 
Ol the nome uw pace, directivil 


eral points around 


the motor to know the distribution 


factors or the individual 





around the motor ma Ie 


Sound Power Level PWL. Sound pressure level 
measurements are not the most desirable way of deserib 
! imotors noise-produch ibility. Most motor manu 
lactures make nome measurement in anechoie room 
r areas where essentially free field conditions exist. I 
practios these condition ive rare but as we vill see later 
my otha article the ound pressure le vel a motor will 
produce reall iflected | if woustic environment 
It is desirable to rate the noise produced hy i motor 
in a way that is essentially unaflected by environment 

Lhe latent ibalit le produce nome 1s bye | defined i 


thy total ound powel produced bor 


constant motor 


operatin condition 


ound power is essenth ally ined pend 


ent of environment, distanes If the ound power 1s 


kre n : 3 pros ible to estimate the 


sound pressure 
levels that the motor 


ll produce under rious environ 


mental condition lor these reason ound power Is a 


more desirable and valid means of rating 


motor nose 


One method of determining the sound power produced 


follows. The 


il and by octaves are meas 


by a motor in essentially free space is as 
ound pressure level ovel 


ured at point around the motor located equidist int from 


deseriby 


motor 


the center of the motor in such a way that the 

in imaginary hemisphere completely enclosing the 
Phe fundamental measure of noise amplitude is intensity 
in walls per square centimeter 


Sound intensity / varies 


quare ot the ound pressure 


PP? 


where P? is the ound pre ure and po the specify acousty 


impedance of air. The range of sound powers encountered 
in practice Is so great that the 


cle fine 


decibel scale is used to 


sound power level. The average sound pressure 


level and the area of the imaginar hemisphere are 


substituted in the following equation to determine sound 
powell le vel Pu] 

Pui I] 10] 0.5 db (3) 
where SP] is the average sound pressure level. S is the 
irea in square feet, and 0.5 is a constant that relates 


sound intensity level ound pressure level and their units 


By definition 


iN 
Pull lo] (1) 
| 


where H is the sound power in question and Wy, is the 


reference power of LO Watts 


lo idequately describe the noise produced by a motor 
this type of measurement ts necessary Only from this 
data can motor tleulated for 


noise characteristics be 


a party ular installation 


Determining Acceptable Noise Levels. | here is no 


re isonable overall ound pressure level criteria lor quiet 


Accept ible 


determined for each Ly pe 


motot operation for all applications sound 


levels must be ol application 


Several noise control criteria have been developed deter 


minin acceptable nomes for various appl ations based 


































































































his } Efleet of noise level and frequency upon audible 
peech, referred to a speech communication criteria 
LLompare vith residential annoyance levels hig 


on either octave band or narrow band frequency analyses 


Considering the attention focused today on industria 
hearim loss. the first 


hould nol «¢ 


consideration is that the noise 
xceed the deafness risk criterion ) \r 
specification is impossible. The length of es 
posure to the usual type of industrial noise ts 
is the 


thsolute 


as important 


sound levels themselves. But several criteria have 


heen ce veloped by well known authorities: the choice of 


vhich to use is best left to the individual customer. It 


up to him to check the local laws and the case histories 


of Compensation Board Decisions in his state. If this is 
the only consideration, the acceptable noise characteristics 


can be based on this criterion alone and transmitted back 
to the equipment manufactures 
(duit olten a nome may not even iv 


ness risk 


close to the cle il 
levels, yet still interfere with speech communi 


Noise i! 


bands interferes with speech com 


cation depending on the Ty pe of environment 


the following octave 
munication to a greater degree 


than other 
1PPOO-2400 and 2400-4800 « ps 


noses Oy) 


Yet the other bands 


may have a masking effect on these “speech” bands. The 
speech criteria curves shown in Fig. 4 are primarily fos 
indoor appli ation but they could conceivably ipplyv t 
outdoor applications as well 

The probable response a communitl will have to a 


noise can also also he predicted 


Noise in a communit 


may be due to pumping stations in the immediate vieinit 


or a factory on the outskirts 


Vhe procedure is to estimate 


the octave band analysis of the noise as it will be heard 


in the community and plot it on the chart in Fig 
From this plot the level rank of the noise 


rriine d 


in be deter 
\s an example, if one octave band approaches 
contour ¢ 
rank is ( ipplied 
where level rank will be increased or decreased dependin 
on the situation. The level rank is ther 
chart in Fi 


while the rest are below this point, the level 


Correction factors shown are to be 


substituted in the 
© to determine the probabl response ot the 


community 


Another usetul eriterior . whether 


i particula nose 


Correction Numbers to be Applied to Level 
Rank to Give Noise Rating 


Scale of conditions 


Continuous 
Pure-tone components 


Continuous 
Impulsive 


1 exposure per min 

(or continuous) 
10-60 exposures per hr 
2-10 exposures per hr 
4-20 exposures per dey 
1-4 exposures per dey 
1 exposure per day 


Very quiet suburban 
Suburben 

Residential urben 

Urban near some industry 
Area of heavy industry 


Time of day Daytime only 
Night-time 


vVaewnr- 


wro-Oo- 


Adjustment to No previous exposure 
exposure Considerable previous exposure 
Extreme conditions of exposure 


o-oo Oo- 


idential ' , wee eriterta 4 Level 
particula ise highest rank attaine 
«tion tactor riitee 


ordin oO nose mid 


vudil le 
Environmental Effects 
on Noise. \ 


Noise evel i! determined from big 


used to estimate probable response of communit 


material 
» enclosure there 


ree 





hig right) Analogy of 


water flow to motor noise 


water flow rate equivalent to 
motor sound power (PWL) 
water head in container equiva 
lent to sound pressure level 


“Vi of enclosure 


No container, Leoky container, 
free flow some head built up 


No enclosure, no 
reverberation absorbing moteriol; 
slight reverberation 


per cent ts reflected. ‘The absorption is a function of 
lrequene \ and angle of trie ile nee amony other things 

Room Constant R. A common method of describing 
the amount of sound absorbing material in an enclosure 
is the room constant R. This constant takes into account 


the area of the boundaries and their absorption 


a 


| a 


where S is the area of the boundaries and a, is 
hig o Sound fields around Nhoine ouree im an enclosure 


iveraue absorption ol these boundaries Since a is 

distance until aturated by 
, 
eflected sound trom enclosure dimensionless, the units of A 


Sound level decrease vith 


are square feet For low 
values of a,. R is low and the enclosures may be very 


reverberant. As the value of a, approaches unity R 
by the boundarn and cause a build up in the sound ipproa hes infinity and the enclosure approa hes the 
pressure level wousting equivalent ol tree space \verage absorption 


The “near field” is close by the motor Where the sound , 8 found by finding aS of each of the boundary 


pressure level is relatively independent of the distance surfaces where 


a is the absorption of the surface and 
from motor surtace lhe extent of the 


near field ce S its area and combining as follows. Then 


pends on the size of the motor and the noise frequencies a 


a a 


As the distance is increased, the free field” is reached 


where thie Hivetse (quae law applic and the sound pres 


The curves in Fig. 9 show the effects of various values 
ure level decreases 6 db per doublin of distance it 


of R on the sound field around a noise source. For in 
flected sound waves are present in this field. but the un 


stance. in an enclosure with R 100. when the sound 
reflected) waves predominate In free s this field 


prace 


— ae inde a ly oe . _ oe n ~ is = then at a distance of 10 ft from the center of the motor 
inh the vat or reve int field where the re sae Sourie SP] PW] oe oo BOR Be hon space the SPI 
Wie predominate wre are Oo many retlected ot this point would be 69 dh. or 17.5 dh less. If R. PW! 
present that the sound field is diffuse and the ound 


Cd and distance r are known. the sound pressure level bye 
pore ure ove i Independent ol distance 


power level PWL of a motor is 100 db re 107!* watts 


Wiiveé 


comes 
Dhe magnitude of the reverberant field and the distance 


| | 
which it take over from the free field determined PI PW! 10 lo ( ) 
by the amount of sound absorption in the enclosure and lor ht 


the size of the enclosure. In enclosures with Litth 


or me Directivity Factor Q. Ihe sound pressure level pro 
il) orption there may be no free freld As the ar 


nount of duced at a given point depends on another quantity 
ihsorption is inmereased the distance to which the free the 


directivity factor QO. Few noise 
held extends will also increase 


sources radiate noise 
vith equal intensity in all directions, and QY is designed 
Sound absorbing material is rated by it ability te to account for this facet. Directivity factor can be obtained 


when sound from the directivity index. Directivity index (DJ) is the 


waves impinge on at Lheoreticall, unity absorption mean difference between the sound pressure level in the desired 


neo energy t reflected and the matertal ts equivalent t« direction and the average sound pressure level Dl 


free space absorption. An 0.6 absorption coefhcient means SP] SPL db. Directivity fact 
that 00 per cent ol the sound energy | ihsorbed and 40 the D/ value 


duce the amount of sound energy reflected 


or is found by converti 


in decibels to powel ratio kven though 





many motors produce non-directional radiation patterns 
the physical location of the motor in the enclosure has a 
directional effect. Where is 


pressure level equation becomes 


important, the sound 


0 j 
SP Pu 10 log ( ) 0 5S db 
irr hR 


ly pic al values of VY tor various mounting conditions 
are 


Votor 


Center of floor or wall 


Vounting Location 
Junction of two walls or floor and wall 


Junction of two walls and floor 


, 


kig. 10 shows a family of curves for various values of R 
and a) 


This procedure can be used for one noise source o1 
many sources in the same ern losure hac h source Can bye 
treated individually and the final sound pressure level 
determined by combining the levels produced by the 


Various sources 





Fig. 9 Relationship of sound pressure level to sound power 
level of noise source as a function of distance and enclosure 


room constant R, (3 


Additional effect of directivity factor QO on sound 


and sound power level relationship of Fig. 9 


For practical use the procedure has been simplified and 
does not take into account some infrequent effects that 
can produce significant diflerences, such as the formation 


of standing waves in the enclosure. However 


for practical 
purposes the results given by this me thod are of sulthecient 


wecuracy 


Knowing the 


as a function of frequency and the characteristics 


Predicting Noise. 
ley els. 


sound 


ace eptable 


of the acoustic environment, the maximum acceptable 
sound power levels the 
culated. Or 


ind the characteristics of the environment, the estimated 


motor can produce can be cal 


knowing the sound power levels of the motor 


sound levels that will be produced can be compared with 
established limits. If the driven equipment or other ma 
chines in the immediate motor area produce appre table 
noise they will have to be considered on the same basis 
individually, and the total sound level of all of the noise 
sources evaluated 

In some applications the combined effect of a standard 
motor and its enclosure will produce sound levels that are 
too high 


of meeting the 


The question ts then the most economical way 


requirements, Some 


possible ways of re 
ducing the noise are 


1. Use 


i special motor designed for extra-quiet opera 


) 


Increase the amount of sound ibsorplion in the 


enclosure 
s. Use 
L. A combination of all three methods 


a sound isolation barrier around the motor 


Manufacturer's Problem. Original equipment manu 
flacturers often do not know the exact circumstances unde 
which their equipment will be 


that it ts 


installed and operate, so 
ometimes difficult to determine what sound 
producing characteristics are acceptable The acousth 
alleet the 


environmental etleets 


environment of the 


equipment can pre atly 


ire usually beyond the control of the equipment manu 


imount of notse produced 


facturer. but they may influence the acceptability of his 


product. The final control of the acoustic performance 


fo a machinery installation le in the hands of those 


s those job it is to integrate the various machines into 


it smoothly and quietly functioning operation 


kor equipment that is tailor-made for a 


peciiie imstal 
lation the manufacturer often can obtain information on 
the environment and noise requirements so that he can 
factor them into the design of his equipment. On the 
other hand with equipment sold as a package for instal 
lation in a variety of conditions. the manufacturer ma 
find it necessary to evaluate the acoustic performance of 


his equipment over a range of Ly pou il bpopolie ition 
Specifying Noise to Motor Manufacturers. ||: 


current procedure is to rate motor notse with measure 


weordance with NEMA or ASA 
ise test code o Although these data are 


! the amount of noise produced b 


nent data obtained in 
indicative 
i motor, the do not 
idequatel describe the noise nor 1 the be used to 
limmate 


ound pressure levels for a particular installation 


I hve nome measurement cor ire pre sent hei revised 


ind the new codes n A | il dor octave band analyse 


ind sound power nents. In the future this 1 
will be 


fintormation of enerall 

it is usuall | ; oni it the user 
And if extra-quiet required, the 
speci his needs in 0 sound powe! le 


quene 





Example: How the Original Equipment Manu- next step is to translate these sound power level values 
facturer Can Predict the Noise Level of a (PWL) to sound pressure levels (SPL) at the opera- 
Proposed Installation tor station. The relative sound pressure level of the 
motors and the control area can be determined from 
The following example deals with motors, but the Fig. 10, using the values of R and Q and the distances 
technique can be applied to any type of equipment. listed in Tables I and II. 
Problem: To predict the noise level at the control For this low room constant of R 50, the operator 
area of the proposed motor installation shown. At area is sufficiently far into the reverberant field 
this stage, the equipment manufacturer must work for SPL-PWL to equal 10 for all three motors, 
with the plant engineer in reaching a satisfactory despite the differences in distance and Q. 
solution Subtracting 10 from each value of the octave 
The motors on the three machines to be installed band analyses in Table III, yields the sound pressure 
are assumed to be the primary noise sources, and levele listed in Table IV. The noise levels of each 
are described in Table 1. Directivity factors 0 are motor are then combined to give the total. 
determined by the motor locations with respect to (Editor’s note: Decibels are not added arithmeti- 
walls and floor according to the rules-ofthumb out cally but instead converted to an energy basis, added 
lined in the text and converted back to decibels. For a more detailed 
Next step is to determine the room constant R explanation and a short-cut graphical method see 
Table II, second column lists coefficients of absorp “The useful, but elusive, decibel.” EvecrricaL Man 
tion a of painted concrete for audible frequencies. UFACTURING, Nov. 1954, p. 80) 
Substituting these values in equation (5) of the The noise levels of Table IV are obviously too 
text, yields the values of R listed in the fourth high (going off-scale in the noise level ranking of 
column. For calculation purpose these values round Fig. 5). Ordinarily the attenuation of the motor 
off to R 90 neise due to distance would be sufficient to reduce 
Table III lists the octave band analysis for each the noise to acceptable levels, but the low room 
motor as supplied by the motor manufacturer. The constant of the enclosure sets up a reverberant field 


Table |--Primary Noise Sources of Table II 
Proposed Installation 
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Calculation of Room Constant R from Known Coefficients of 
Absorption a According to Equation 5 


Distance | Direc- Coefficient of Absorption (a) Room Constant (R) Calculated, ft! 


from con- tivity 


trol area factor, 
Motor Machine ft Q Sound 


frequencies, For Painted For Acoustically With Untreated With Acousticaily 
125 hp. 4 pole, Raw material feed cps Concrete Treated Ceiling Room Surfaces Treated Ceiling 
TEFC : 


? 
aoe : 126 0.013 0.53 35 395 
50 hp, 2 pole, Cooling water 250 0.014 0.60 38 460 
Terc pump 26 600 0.015 0.87 4! 695 
1000 0.021 0.98 58 830 
20 hp, 2 pole, Circulating fan on 2000 0.020 0.85 57 695 
drip-proot a large dryingoven 17 4000 0.017 0.68 47 530 


Causes of Motor Noise. \\ |\i\: 


malance be iru 


roducu quieter me t } ad dur mech ‘ vib on not maeneticall 


iit 
in the notse 
usually on type is pre 
mall op motors and slow-speed oper 
medium e, Magnetic noe ts quite often pre 
but in me ¢ s where anti-friction bearings 
chanical nose sutstandin Maenetic nois 
nized by its characteristic hum or hi 
and is composed of single frequencies 
iudible. Mechanical noise is ofter 
ymposed ol singtk frequen les 


whether ioise IS Magnetic 


the magnet 


otors of mediun ize and in most 


1verodynamic noise usually predomi 


is largely produced by the fans, and as 
nduced by fans varies approximately as the 


ot the peripheral velocit of the blade tips 


rotation le lar ! se increases rapidly with increasi speed and 


Ma net 0 ’ ep n rm 7 This t 


pe of noise is generally characterized by 


frequency me a broad band type of noise 





to short-circuit this 


effect. The biggest immediate 
gains can be made by increasing the room constant 
say by using an acoustically treated ceiling. 

Table Il, third column, lists 
such ceiling. Recaleulating the room constant for 
acoustically treated ceiling but retaining the 
painted concrete walls and floor, yields an average 
room constant R = 500, 

The new sound pressure levels listed in Table \ 
were calculated by the same method used for Table 
IV. The difference column the appreciable 
reduction in noise with an acoustically treated ceiling. 

The same reduction would probably be difficult 
to achieve with different or special motors. It would 
probably mean using elaborate mufflers on the totally 
enclosed, fan-cooled 


coefficients for one 


an 


show s 


motors or 
motors or similar arrangements. 


using non-ventilated 


The best solution is a question of economics and 
practical limitations. 


Oe 
Contro/ area 


Control room of chemical processing installation, 
Room dimension: 20x30x15 ft. All 
floors and ceilings: Painted 


surfaces 


walls, conerete., 


|Table 1!1—Noise Producing| Table I1V—-Computed Control 


Characteristics as 
Supplied by 
Motor Manufacturer 


Area Sound 


Sound Power Level (PWL) 
db re 10-'? watts 


Octave 
nd, 125 hp 


50 hp 
Cycles 


Motor 


18.5 


20- 75 ; 92 
75- 150 ‘ 91 
169- 300 101 
300- 600 
600-1200 
1200-2400 
2400-4800 
4800 9600 


2hp | 
Motor 


Motor 
Overall Level 


approximated as 50 ft’ 
rom Fig. 10, SPL —- PWL 
or SPL = PWL -10 


Method of Computing 


In 


stator 


single 
the rotor 
these 


without lrequene ies large 


with radial 


motors 


ducts in 


and lor ventilation 


“ire 


ition of ducts sometimes produce a single pre 


dominant 
Potall 


cooled 


Trequency 


enclosed motors. either non-ventilated or water 


cenerally produce predominant magnet 


Phe oy 
produced b 


nose 
revardless of size and speed 
onsistently less than those 
kssentially all totally 


fan 


erall noise levels are 
othe Ly pes ol 
motors 


enclosed. fan-cooled motors 


ardless of 


predominantly 
This is because the 
effectively masks out the 
1 powell roduced by 


otors 


produce ridetse re 


—17¢ ind 


peed large fan required for coolin 


The total 


fan-coo 


other noises present 


ed 


totally enclos 


with horsepe ser and speed 


similar ‘ ‘ ‘ open olor but the bas 
enerall 


Special Motors. | 
iay not be able to 


ome lew case tlandara 


meet sper lal nose 


requirements and 
Whik the des 
motors is beyond 

the 


must be done to n 


special motor ma be necessal 
special quiet 


this article 


operatin 


the source of nose le 


lake the 


is Ove ill CCODOMY 


determine what 


The final 
Wher 


criterion 


designing a motor for quiet 


(ope ratior 


Pressure Level with Untreated 
Room Surfaces 


Sound Pressure Level (SPL 
db re 0.0002 dynes cm’ 


50 hp 20 hp 
Motor 


Table V—Computed Control Area Sound 
Pressure Level with Acoustically Treated 
Ceiling 


Sound Pressure Level (SPL) 
db re 0.0002 dynes, cm’ 


50 hp 


20 hp 
Motor 


Total Motor 


101.5 
88 
92 
94.6 
94 


3 = 


S233333 
AFreVecgvre 
S28E883; 


R approximated as 500 ft’ 
10 From Fig. 10, SPL -- PWL 
or SPL =~ PWL —18 


other factors associated 
the 
ill of the variou 


order lo 


vith motor design must be con 


miust bye compromised it 


sidered is well as noise characteristics tandard 


motors lactor 


create i itt electrical 


But when 
the b 


ind re-design 


haclos 


il b 


mechanical 


woustical and economiu ilanee 


spree ial thepime 


requirem nits ine may be 


reque ted lanes 


Lites 


ind a ree iluatior may be necessal 
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Copper-Clad Fluorocarbon 
Printed Wiring Boards 


Special surface treatment provides effectively bonded copper 


and polychlorotrifluorethylene for printed circuit use. Same bonding 


technique can be used in component fabrication, such as hermetic 


seals. Inherent characteristics of the virgin fluorocarbon polymer 


are retained since no reinforcing material, nor adhesive, is needed. 


IDEALIZED SPECIFICATIONS for a copper-clad laminate 
would include the followin 

1. A high and uniform bond strength between the 
copper and dielectric 


thermal shock 


Good chemical and thermal stability 


Resistance of this bond to 


A homogeneous dielectri 
Low or zero wate absorption 
6. Low dielectric constant and dissipation factor. 
Rigidity without warpage 
Adaptability to post forming 
None of the better-known materials, such as the con 
ventional phenolic and melamine laminates, nor the 
leflon 


specifications 


silicone-glass, polyester-glass, epoxy-glass and 


laminates, meets these idealized 


ylass 
Moreover an adhesive is needed in these laminates to 
eflect the copper bond, The use of adhesives may in turn 
affect the electrical and physical properties of the final 
laminate structure. This is true also of the glass or paper 


With the ex 


ception of ‘Teflon, they are too brittle in the unsupported 


reinforcement needed for these materials 


state. And Teflon is difficult to bond to « opper in absence 
of a glass-cloth support 

A study of the requirements for high-quality printed 
wiring boards has convinced us at IRC that a fluoro 
carbon plastic offers a set of advantageous properties as 
the base for a copper-clad boards, and that (in partic 
ular) polychlorotrifluoroethylen would provide the op 
timum material, This polymer is rigid enough unsup 


ported without glass or paper for use in printed ci 


cuitry, without being brittle. Since neither an adhesive 
nor a reinforcement is used, the properties of the virgin 
homogeneous plastic are retained. 

The selection of so radical a material in the face of 
the well-known 


metals. was not hasty. It was rather the result of an 


difficulties in obtaining adhesion to 
accumulation of customer requests, comments expressed 
at technical meetings, specifications set up by optimistic 
engineers, and some degree of sper ulation. 

Phe copper-clad Kel-F* is manufactured using stand- 
ard lamination equipment and techniques. However, 
since the material is thermoplastic, no cure time is in 
volved, and the cycle is comparatively short. Tempera 
tures approaching 500 F in the laminating step are nec 
essary. Due to the spec ially developed treatment of the 
Kel-F and copper surfaces, we have overcome the usual 
difficulty of obtaining suflicient wetting of the copper by 
this non-adhering polymer. Specifically, no organic ad 
hesive is used, and upon etching, the bare Kel-F surface 
is exposed, with unimpaired properties. The construction 
of the 


porte d 


laminate is standard, with the insulator unsup 
Ihe treated surfaces are dissolved by the etchant. 
Kase of pigmenting makes for almost unlimited color 
possibilities. This feature may be useful for circuit ider 


tification on the production line 


K I 





Fig. 1—Bond strength of copper-clad Kel-F polychlerotri- 
fluoroethylene at elevated temperatures (175 C for 3 hr) 


compared with behavior of XXXP phenolic laminate. 


The properties ol the Kel-F laminate base material 
are by now well known through frequent publications 
lable | provides a summary of selected properties. ‘The 
outstanding electrical properties of the polymer are note 
worthy, particularly the volume resistivity, which re 
mains excellent at temperatures up to 400 F, above the 
useful operating range for most other insulating mate 
rials. Its low dielectric constant, high dielectric strength 
and zero moisture absorption are of extreme value in 
electrical applic ations. 

But in application of printed wiring boards, certain 
properties of the laminate itself are critical and must 
be considered in addition to the properties of the base 
polymer itself. How strong is the bond? Is it consistent? 
Is the laminate machineable, rigid? What about its ther 
mal and chemical resistance? 

Che behavior of etched patterns on copper-clad Kel-F 
laminate has been observed under a number of environ 
mental conditions. After the standard 450-F, 10-se 
solder dip, no blistering or delamination is observed 
since no adhesive is used. However, since Kel-F is a 
thermoplastic, no stress should be applied to the lamin 
ate during the solder dip or warping may result 

Warpage in general is a problem of varying degree 
with all types of laminates and esper ially so where only 
one side is copper clad and the base is thin. The differ 
ence in coetlicients of expansion will always result in 
warpage even where the material is rigid and flat before 


lamination. Warpage. however. is reduced after etchin 


Cocos i 


Fig. 2—A specially developed non- 
adhesive method for bonding Kel-F 
to metals is applied in the fabrication 
of components such as the 5-kv feed- 
through insulator shown left. Not only 
has size as compared to the previous 
unit (right) been drastically reduced, 
but performance characteristics have 
been improved. 


Fig. 3—Another Kel-F application is a fuze terminal 
component shown upper left. Other applications shown 
are: A miniature transformer can (upper right); a tan- 
talum capacitor seal (upper, middle); a hermetically 
sealed spark gap pair (center) ; and a hermetically sealed 
ultrahigh-range resistor (bottom). 


It can be minimized by using, where possible double 
clad laminates and thicknesses of ° in. and over. The 
inherent thermoplasticity of Kel-F laminates is a useful 
characteristic where post forming 1s employed for the 
final part 

Machineability of this laminate has been found to be 
excellent. Punchin awing, spot facing, eyeletting and 
drilling can be readily performed, Etching in ferric 
chloride does not affect the Kel-1 polymer but must be 
continued until the base material color is observed 

The laminate exhibits the well-known and outstand 
ing inertness of fluorocarbons to all acids, alkalies, cor 
rosive materials and a wide variety of solvents 

Conservatively rated for 150 C continuous exposure, 
the laminate provides a 190 © top operating tempera 
ture for short-time operation The excellent behavior 
of a sample heated at 175 C for 3 hr in comparison with 
an XXXP phenolic laminate control is readily seen in 
Fig. 1. The behavior of bond strength at elevated tem 
peratures 18 important ince cold bond strength is not 
ilways indicative of solder pol effects. The Kel-F lam 
inate bonds actually increase in strength as shown in 
Table Il, to the point here the copper shear lable Il 
indicates the stabilit of the bond under conditions of 


1 


boiling water older dip. and [50 ¢ exposure 


Surlace resistivit of the Kel-F has been measur 


the IRC laborator under conditions up to OO per cent 
RH. The method used was described in a National Bu 


reau of Standard Report 1} i i 3J-lerminal 





Table I—Typical Properties of Polychlorotrifivoroethylene* 


—=—=——lllllEEEEElaEeEE——— 


Property 


- 


Yolume resistivity 50 per cent RH 25 C, ohm-cm 
Dielectric strength, vpm, short time, 4 in... . 


step by step, '4 in. 
Arc resistance, sec. 


Power factor, 100 cps 
1000 cps 
1 me 
Water absorption, per cent 
Flexural strength, 77 F, pei. 
Brittioness temperature, deg F 
Burning rate . 


Values 


1.210" 
2500 
390 
>360 
0.008 
0.024 


"Derived from published data on M. W. Kellogg's Kel-F polymer. Standard test methods. 


Table ti—Bond Strength vs Temperature for Kel-F Copper 
Laminate* 


*Tests for in. laminate, l-oz copper cladding (1 oz weight per sq ft). 
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Application to Hermetic Sealing 


The utility of the 
inst 
tion te the 


rheonh adhesive bondin Process used 


laminate was investigated for possible 


ipplica 


fabrication of components An adaptation 


of the lamuinatin resulted in a 


process 
This tec hnique lent 


variety of 


hybrid Ly pe ot 
itself to the 


feed-through insulators 


OMpressior moldin 


fabrication of a wae 


hermetic seal terminals, and component housings Lhe 


very flexible and although most of merit 


Hes in I ipplicability lo miniaturization it ois not re 


strictive as to terminal pin size or shape, or volta 


within the limits set by commercial usage. Co 
ni currently undervom 


diode 


evaluation include end 


housin . 


multiple headers ind hermeti 


terminals of many sizes 


L hese 


low if 


shapes and colors 
components have been noteworthy for the fol 
which should help end 


design engineers dealing 


characteristics many 


problems that face with her 


metic sealin 
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Table il—Effect of Conditioning on Bond Strength of Kel-F Copper 
Laminate* 


Bond strength before 
conditioning, |b /in. 


Bond strength after 


Conditioning conditioning, Ib/in. 


Boiling H.0,24hr CS 8.5-9.5 . 8.5-10.0 
150 ©, 72 hr | 9.0-9.5 8.5-9.5 
Solder dip, 450 F, 10 sec | 8.5-9.5 9.0-9.5 


*Tests on Vin. laminate, l-oz. copper claddings 


Table IV—Effect of Relative Humidity on Surface 
Resistivity of Kel-F Copper Laminate* 


RH, per cent | Surface resistivity, ohms sq 


40 oN “>4x10 
51 >4x 10" 
88 >4x10" 


*Tests at 25 C, 1-mm gap between electrodes 


Table V—Typical Properties of 5-KV Hermetic Terminals Using 
Bonded Kel-F Construction 


Corona starting voltage, volts rms, 60 cps 
Flashover voltage, volts rms, 60 cps... 

Air pressure test, psig . are 

Terminal pull, ib. . Be seg 

Torque (applied to central conductor), in.-oz 
Max. continuous operating temperature, deg C 
Short-time operating temperature, deg C 


P roperty 


tendency to track under direct current i“ or militar use typical application, amy 


Insulation resistance over 10 ohms i ) Ihis has been tested for insulation 


No 


al 
High 


incidence of strain cracking which destroys f ind hermetic seal after un roing thousand 


since the insulator is not britth shock It is believed to be tl only tmsulat 


lent 


degree of shock resistance. Since Kel-F i that is currently 


nonbritth and tough with negligible ments 


cold flow it performs well under these conditions Still another inter 


i 


1» 2000 


cus 
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ALLEN M. KRASS 
Hautau ENciIneertnc COMPANY 
Ferndale, Mich 


Progressive Operations 
Coordinated Mechanically 


In the design of the Hautau forming and inserting machine for 
cuffed motor slot insulation where stepped relationships in sequen- 
tial operations have to be maintained, regardless of basic drive 
speed, time-honored mechanical elements like links, levers, crank- 


shafts. gears and a Geneva movement proved to be the wisest choice. 


L NDER THE PRESSURE OF economic competition, more and 
more operations in the manufacture of electric motors 
are being automated. A step in this direction is repre 
sented by a special machine developed by the Hautau 
ingineering Company, that allows cuffed insulation stator 
slot inserts to be made and inserted automatically from 


coil stock. Previously it was necessary to form the cuffs 


Fig. 1—Hautau forming and 
inserting machine is capable of 
lining motor stator slots with 
cufled insulation automatically 
ut the rate of 4 per ses 


big. 2—Shaping of slot inserts 
from coil stock includes roll 
forming of cuffs on both edges, 
cutting off from strip and die 
forming the U-shaped insert 





Index idler gear 


Cr ? ikshoft 


Flywheel \ 


Die re 


Motor, clutch, reducer 
and brake assembly 


Fig. 3—Elements of mechanism to feed insulation stock from coil 


on insulation inserts in one machine and to place them 
in the stator slots in a second machine or by hand. For 
economy, the automatic cufling operation was limited to 
high production sizes of motors. Therefore motor de- 
signers largely avoided using cuffs. They achieved the 
same desirable effect by anchoring the insulation cell in the 
slot by taping both edges of the cell—-a manual operation 
that obviously added to the cost of production. Other- 


wise a straight cell would be employed and more care 


had to be taken in the winding operation to prevent 


damage to insulation on the magnet wire, again at the 
expense of slowed production 

Design objectives set up for the Hautau forming and 
inserting machine included the ability to take strip insu- 
lation stock in coils and roll form cuffs on both edges 
form to slot shape, cut off and insert the individual liners 
in successive stator slots. To achieve flexibility in pro 
duction, the machine should accommodate a wide ranye 
of stator diameters and stack heights and should allow 
changeovers to be made rapidly if economy in short runs 
were to be met. The operation should be automatic once 
i stator had been loaded in the machine and the start 
button de pressed 

The machine designed to meet these needs is pictured 
in Fig. 1. It can be quickly adjusted to all stator sizes up 
throu rh the new NI M \ 2 4 frame The ride hine is com 
pletely automatic in operation. It takes strip insulation 
stock, roll forms cufls on both edges. die forms a cell 
Fig. 2. cuts it off from the strip stock and inserts the 
formed segment into a stator slot. The machine then 
indexes the stator to bring the next slot into position 
When all the slots are insulated, the machine stops, al 


lowing the operator to remove finished stator and 


Stationary rolls 


Stationary 


die 


inserting blade nechanism 


Inser ting blade 


, form to shape and insert in stator slots 


replace it with an empty stator. Any of the presently 
used insulation stocks from 0.003 in. thickness and up 
may be used. The machine has processed Mylar, linen, 
fish paper and other dielectrics 

lo achieve complete automaticity, five actions must 
be coordinated in timed relation with each other: Feeding 
and roll forming the edge of the strip stock in steps, 
bending into a | shape and cutting off the formed stock, 
inserting in the stator slot, and finally indexing the stator 
to the next open slot. The motions involved are linear 
translation in two directions and step rotation 

Hydraulic actuation of the translation movements was 
considered but abandoned in favor of a complete me 
chanical system because of the time delays inherent in 
hydraulic valves and cylinders and the difheculty of 
ordinating movements at right angles to each other The 
full mechanical system adopted assures a fixed but ad 
justable relationship between the various movements, all 
powered from a single |'4-hp totally enclosed motor 
lime-honored components like crankshafts, links, levers, 
slides. bevel gears and a Geneva indexing mechanism are 
used. There are several advantages to this system. Al 


though the machine was originally designed for an output 


rate of one slot per second it was found that this rate 
could almost be quadrupled. All that was necessary t 
rccomplish the peedin up was to substitute a higher 
peed motor or change the ratio of the gear reduce 
since the operations are all time sequenced by the crank 
shaft and a geared take-off 

The general arrangement of the mechanism is sketched 


in big 1. To keep down the length of the machine the 
motor mounted vertically and drives through an 


Irie cluteh speed educe! ind right angle drive Thi 





raised and 


Cuff forming and feeding rolls can be 


i group to oil variou lamination tach 


riaadole the motor to be run continuous Sinee all the 
intermittent, a flywheel 4 
through the ype iks 
Reading along the crank 
halt. the first erank take-off through linkage 
blade 
lator slots 


typeotiaor reciprocatir ol 


nounted on the crankshaft to carry 
ind reduce motor size needed 
actuatles 


the vertical inserting slide which places the formed 


Next in line is a crank throw 
vhich avain through linkage actuates the forming die to 
bend the culled flat stock into a | 
Both these sti 


ite mounted cont bine il hall bearimes aon hardened ana 


bpnvet any thee 


shape prior to insertion 
which are at right angles to each other 


yuna ticle rod 
lhe bevel 


motto lot madexins 


olf at end of the crankshaft powers 
and roller feeding and 
lndexin 1s 


oll formin ulation Tripe stor k 


hig. 5 Wormseye view of intermittent roll feed drive. Effective 


radius of erank throw is set by position of pin in «piral slot 


rccomplished through a crank and pin engaging a slotted 


(,eneva disk work 


through a change vear and idler. The 


fixture bull gear 
stock feeding and 
forming rolls. bie. 4. are also intermittently indexed in a 


single direction. The 


which drives the 


bevel gear drive rotates a lower 


ieulas plate with a spiral vroove an its lace hi ) 


Lhe pivot ol an eccentric arm may lye adjusted along the 
rroove to drive a unidirectional clutch that connects to 


i spur gear train which powers the thre forming rollers 


\djustments for stator slots of various developed leneths 


ive made by adjusting the eccentric arm along the spiral 
roove to vary its eflective crank radius 
The first roller dic 


stock where the creases are to be made: the second rolles 
bends the stock over 1 dee the third 


forms indentations on the strip 


at approximately 


big. 6 The work table 

mounted on parallel bars 
ean be adjusted back and 
forth by handwheel, lower 
right. Pivoted link (left 

adjusts idler gear between 
index bull = gear not 
seen) and Geneva motion 
index change gear bles 
trical control panel is at 





Me stock then 
passes through a fixed necking form that finishes the cull 


roll die bends it over to an acute angle. 


\fter the cuffs are completed on each edge of the in 
sulation. the end is dic pressed to form one segment and 
is cut off from the strip at a single stoke. Since the form 
ine die is powered by one of the crankshaft throws. it 
moves at a harmonically varying speed so that its action 
is quick but smooth fo accommodate a stator 
ferent slot configuration it is only necessary to 
the die inserts within the die set. The die is designed 
that this change may he made in a maximum time 


| rit 


Since the insertin 


{ 


arm also is powe red by one of the 
throws of the crankshaft. its harmonic motion lifts the 
formed insulation gently and quickly. After the inserting 
finger pushes the slot liner out of the forming die, it 

forced through a neckin cuit positioned directly 
below a stator slot. The insulation then expands to it 
fullest within the slot 

Adaptability to a wide range of stator sizes was a 
major design objective if the machine were to be useful 
in short-run production. Provision had to be made for 
various slot pitch diameters and lamination heights In 
the final design, stock height is made adjustable from 
| to 6 in. This is done by mounting the forming wheel 
issembly on a dovetailed slide which is moveable vet 


tically 


of a screw and star handwheel 


with respect to the work support table by means 
(See Fig. 4.) Oseillatin 
clutch is in a fixed position and drive to the master feed 
roll and pinion train ts through a splined shaft. Change 


ver time for this height adjustment is less than a minute 


The fact that the inserting ram also is in a fixed posi 


tion necessitated provision for moving the work table 
with respect to the inserting blade The welded. steel 
table is cantilever overhung from two horizontal euide 
rods and its position is adjustable along the rods by hand 
wheel and screw, Figs. | and 6. Ball bushings on hardened 
shafts contribute to accuracy and long wear life. For any 
holding fix 


tures are devised to center the stator with respect to the 


size stator within the range of the machine 


inserting blade 

Longitudinal adjustment of the work table requires that 
an idler gear on a moveable stud be provided in the slot 
indexing drive The indexing table rotates on a special 
12 in narrow hall bearing Idler veal is linked lo i 
pivoted bar with screw and handwheel adjustment. Th 
irrangement can be seen in Fig. 6. Variations in indexin 
pitch with relation to the number of slots in the various 
stators are taken care of by substitution of index change 
rears on the shaft extending from the driven Geneva 
disk. The pivoted idler compensates for changes in thi 
index vear diameter also. When the last slot is filled. a 
limit switeh is employed to shut off the machine 

\n appreciable percentage of stators 
fractional-horsepower range, have slots at regular interval 
that are of different size than the majority of the 
in the motor. These special slots cannot be insulated 


iutomatically and therefore 


feature m 


a skip ince ‘ 
provided on the insertin machine It Comprise 
that actuates a limit switch when these slots 
to disengage the feed mechanism througtl 
clutel 

fo minimize wear of mo parts and maintai 
positive lubrication is provided. An oil sump 1 


orporated in the welded steel base and a ine pumy 


hig Although = the principal machine funetion Ti 

ordinated by an integrated mechanical system, initiation of the 
production cycle and its termination are governed electrically 
through pushbottons, relay ind limit witelye Ilere is the 


elementary wiring diagram of thei hookup 


belted to the motor below the mule peed reducet 
| 


feeds oil to the reciprocating parts ind the crankshaft 
pin bearings. The constant lubrication also tends to keep 
the nose level down 

The electric control diagram | hown in by ‘ T hie 
tarted and 


motor is manuall 


lopped The iulomatty 
evele control actuate the electru clutch ind brake unit 
which is 


powered | direct current trom the eleniun 


rectifier The start cycle button energize rela CR-I 
vhich in turn energizes relay CR-2. The latter releases the 
brake and activates the clutch. When the end of the evel 
is reached limit switch LS-/ is closed by a cam, openin 
rela CR CR / fypeerint 
its normally closed contact and de-energizing CR-I and 
CR-2. Vhe cireuit then reset for the next evele te 
inttiated by the \t the lower part of the dia 

the d-c cluteh fos “kip feed | hown. When LS 

er i 1 by 3 no on the machine this cluteh 


teed ly : ived 


contact and enervizing rela 


operator 


stoppin insulation if 


rriae 





N. F. BECHTOLD and E. W. MORRIS, ¢ omponents Dept 
SIGNAL Conps ENcINEERING LABORATORIES 
Fort Monmouth, N. J 


Performance of Selenium Rectifiers 
at High Temperatures 


In order to acquire accurate derating data 
for both conventional and high-tempera 
ture stacks at various ambients, a com 
prehensive test program was conducted 
at Battelle Memorial Institute under Sig 
nal Corps AUSPLCes. The results reported 
here present rerating curves and also de 
lineate various patterns of failure, with 
the ratio of input a-c current to reverse 
leakage current as the chief criterion of 


comparative performance, 


lik CENTRAL OBJECTIVE of this test program was con 
cerned with the load-life investigations of selentum rect 
fiers in order to acquire accurate derating information 
The results reported herein are compiled from a complete 
program, and the discussion supplements a previously 
pre ented unpublished paper, copies of which are avail 
able on reque st.” 
Phe continuous load-life investigations conducted under 
this assignment were 
1. Long-term S000 hi 
» Short-term 720 hi 
». Short-term, stress slep 
In the long-term continuous load-life experiments the 
rectifiers were tested in large quantities under uniform 


high ambient temperature conditions to determine thei 


12% 


comparable operating characteristics. The program cov- 
ered 14 types of rectifiers, with a minimum of 10 speci- 
mens of each type, produced by six manufacturers. 5ix 
high-temperature and eight conventional types were se- 
lected, representing each of the three basic manufacturing 
processes (pressed powder, vacuum evaporation and 
molten dip). Ambient test temperatures of 90 C and 105 C 
were investigated. All specimens were single-phase, full- 
wave bridge, eight-plate units of the high-temperature 
and conventional plate variety in 1 x 1 in., 3 x 3 in. and 
» x © in. plate sizes 

Phe 3000-hr tests indicated that it was possible to 
select a single representative unit in each type of rectifier 
which could be used for short-term investigations, and 
that a 720-hr period would allow suflicient time for the 
record data to indicate trends toward either satisfactory 
operation or failure. The | x |-in. plate size units were 
selected for these tests 

In order to establish the loads and ambient tempera 
tures for the more extensive investigations, a series of 
short-term, stress-step investigations were first conducted 
The test specimens were operated at full load and the 
initial ambient te mperatures were progressive ly increased 
by 5 € at 48 hr intervals until all units were destroyed. 
The information obtained from the stress step investiga 
tions established the maximum obtainable operating ambi 
ent temperature used for the derating curves 

Procedure. | he selection of the most desirable ope rat 
ing ambient test temperature was voverned by the neces 
sity of operating a large number of different types of 
specimens under one high ambient temperature and of 
gaining the most information over the spread of the types 


included 


temperature side by the unit with the lowest temperature 


This operating ambient was limited on the low 


rating and load conditions under which it might be 


exper ted to function for 3000 hr. On this basis and from 
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the preliminary tests of short duration, an operating ambi 
ent temperature of 90 C was selected for an initial long 
time test. In order to more fully document the phenomena 
of failure, those types that performed poorly at 90 ¢ 
were operated at 105 C at a reduced load to permit them 


to function for a long period. At 90 C, conventional types 


were operated at 25 per cent load, high temperature types 
at 100 per cent load: at 105 C, these ratings were main 
tained with certain exceptions. 

Phe electrical and physical quantities measured durin; 
the life tests were: 


1. A- 


2. A-e reverse current (I,..,..) (with the load removes 


momentarily } 


input voltage Re ) and current (1,..\,) 


3. D-c output voltage (V,.) and current (1 

1. Plate temperature, deg ¢ 

». Static d-c characteristics 

[he ambient temperature was held constant at either 
90 C or 105 C. The test circuit is shown in Fig. 1. The 
resistive d-c loads and input a-c voltages were held con 
stant; all other factors were permitted to vary. For the 
purpose of this program, only a complete operational 
breakdown constituted a failure. 

Patterns of Failure. The most logical approach to 
this study of rectifier deterioration was to establish the 
existence of any consistent trend of changes which might 
be used as an index of life. Such a trend should not only 
be consistent within the specific group of specimens but 
likewise be applicable to all different makes, sizes and 
types of specimens under identical environmental condi 
tions. Efforts along this line became quite complex due 
largely to the erratic and widespread values of the in 


dividual Incon 


measured quantities in each group 
sistencies in the forward and reverse directions between 
groups made it desirable to find a more reliable means 
of analyzing data for prediction of rectifier life. In this 
connection, parameters were chosen for inspection that 
were most closely related to the generation of heat in 


the specimens, since it was 


recognized that  rectifies 
deterioration is largely due to overheating of the plates 
The nature of these asymmetrical devices prompted an 
investigation of quantities involving both forward and 
which may in 


listed in 


reverse characteristics. Characteristics 


dicate changes in the pertinent parameters are 


lable I and in Figs. 2 and 3 


big. 2—-Failure pattern No. | shows 


reverse 


leakage current to be the yardstick when 


rectifier operates in on ( 


Reverse current 


c¢ millometer 
A-c ommeter ™ - 


switch —+1 


Full-wave ori 
selenium rectifier 


Plote- temperature 
indicating potentiometer 


Fig. 1—Test circuit for measuring a-c input voltage and 
current, reverse leakage current and d-c output voltage 
and current of selenium rectifiers in a full-wave bridge 
(4-2-1). Plate temperatures are also measured. 


Tabie !—Pertinent measured parameters 
of Selenium Rectifiers 


Forward resistance Reverse resistance 
D~ output voltage (\ le 
D-c output current, (14) 
A-c input current, (1.-\.) 
Forward voltage drop 
Plats temperature 


Reverse leakage current 
A-c input current, (1g. in) 
Plate temperature 


Ratios of individual measured quantities 


specifically 
selected for investig 
her eacta lt 
2. V | 
5. | 


ition were 


Plats temper iture 
As testing progressed if 


hve Ciittie 


ipparent that the 


third ratio exhibited a lack of isitival te 


operating 


a 


big. 3 -Failure pattern No 


deterioration in d- 


in which 


output voltage 


j the ertiterion if ( umbient 





conditions antil just prior to complete failure, and if 
could not be used as a figure of merit for predetermining 
the remaining life of the specimen The other two ratios 
however, indicated that a reasonably consistent trend of 
changes. directly related to the life of the rectifier. could 
be established as criteria for determination of a critical 
point in the failure trend 

It had previously been reported that reverse leakage 
current is the most sensitive parametet and should there 
fore be chosen as the “yardstick” for failure. From the 
poml of view of simplicity and economy of test. this 

is certainly a valid conclusion. as evidenced from. the 
curves of Fig. 2. Here is depicted a typical history of the 


effect of high temperature operation: on the parameters 





of reverse leakage and outpul voltage. Initially. an ip 
proximate lLOO-hr stabilization period is) experrenced 
during which a relatively high leakage causes heatin 


big } lypieal fail ‘ patte shoy t ‘ 
” eon eapancizn ne effects which in turn bring about decreased forward drop 


lationship of inerease in reverse leakage 
current to that of ac input current ind high output. As the stack “forms” in) operation 
leakave and plate Llemperature decrease and output 
voltage attains its stabilized value. Prior to failure. a 
rapid decrease in output is preceded by a rapid increase 
in leakage and a corresponding increase in plate tem 
perature. In the illustrated case ‘normal operation 
/ only lasted for a period of about 150 hr 
| This pattern of failure may be deseribed as follows 
|. Barrier weakens 
2. Leakage increases 
) Input current increases 
L. Plate te mperature mereases due to increased reverse 


current 


geen » korward drop increases as a result of further bat 


rier deterioration 

6. Output voltage decreases 

(. Further plate temperature increase takes place as a 
result of inereased forward resistance 


&. Further leakage increase takes place as a_ result 
of higher plate temperatures 

9. Cumulative occurrence of the above leads to ultimate 
failure 

hor most makes of rectifiers evaluated during this 


study, the above pattern deseribed the failure pleture 





quite conclusively, but a second distinet pattern of failure - ” 
has been noted during a further detailed analysis of the 
data. The trends under this category are pictured in 

hig bailure pattern of two types of recti bi ). and are recognized by a gradual long-term ce 

fiers of one manufacturer at different ambient oa 


terioration in d-« output voltage with relatively constant 
leakave until a critical plate temperature ts achieved to 
brin thout sudden leakage increases and failure. This 
failure pattern may be described as follows 

|. Forward resistance increases 

». D-e output current and voltage decrease gradually 

». Plate temperature inereases brought about by great 
forward powel losses 

1. Leakage increases when a critical plate temperature 
Im Tea hed 

» kurther priate temperature increase occurs due t 
increased reverse losses 

6 Ultimate failure 


This analysis indicates conclusively that a measure of 





leakage alone cannot be used as a criterion for failure. In 


staf Does and \ 


this respect. the ratio quantities | 


Dens have merited further consideration. Both of thes 
hi 6 Marked change in reverse leakage current relationships served the purpose well however itter 
of high temperature plates at different: ambient eXtensive comparisons over a wide variety of specimens 
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To fotlure 
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@ Ss 


Reverse leokoge current, mo 
o 


eee High temp aot (00% load (4-2-1) 

—— === Conventional ot 25% load ‘ 

1x1 in. plotes 
4-2-4 


90 100 110 
Ambient temperature, deg C ya . aecciee den 145 


Fig. 7—Characteristics of high- Fig. 8—Failure characteristics of 


temperature and conventional ilies\iecalan of bi 
gh-temperature 
sclenium rectifiers compared. selenium rectifiers compared. 


it appeared that the former quantity was slightly more samples Note in this instance how an increase in | 


consistent in establishing trends in those marginal cases auses similar, but much less pronounced, increase in 


where groups of units were involved. Rian regardless of the stability of | 

Ideally the I... ae ratio should be well suited As a further limitation, the forward current Component 
lor the evaluation since it contains factors reasonably Of Haas or | itself is a relatively insensitive factor 
both forward and reverse re since it varies inversely as the total d-e circuit resistance 


mall part of 


ensitive to changes in 
sistances. It should be recognized, however, that the Since rectifier forward resistance is only a 
numerator [,..,, is composed of both forward and reverse this total. then even significant increases in forward 

oted onl isa relativel mall change in 


= is cireethy 


current components In the ordinary cases. the reverse sistance will be n 
component amounts to about 0.5 per cent ol the total | In addition. since the magnitude of 
value initially, and increases to as much as 25 per cent related to forward current, the | cs: ratio is in 
nt. (lon equently i different 


on approaching failure However this increase inthe proportion lé load) curre 


leakave component effectively “desensitizes” the numera failure point would have to be established for each plate 


subtracts to some degree from the changes size and operatin alin lo illustrate principles, how 
basis for 


tor since it 
in |, in resulting from changes in forward resistance ever, this ratio quantity will be retained as a 


This effect is demonstrated in Fig. 4. which illustrate further discussion and sugge ons for its improvement 


i typical failure pattern encountered in) one group. of will be made in summation 


Deterioration ratios of diflerent makes of stacks at 90 © ambient. Fig. 10 (right Same group of stacks at 10> © ambient 
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kig. }1 Deterioration ratios for 5 x 6-in, stacks at 105 C ambient 


Curve Analysis. figures 5 and 6 are offered to dem 
effect ol 


reliability and reverse leakage alone 


onstrate the ambient temperature on overall 
At least 90 per cent 
of the failures depicted in Fig. 5 are of one manufac 
turer’s type in each class. In fact, stacks having the 
lowest overall initial leakage exhibited by far the greatest 
number of failures 
Figure 6 illustrates the relative degrees of aging of 
leakage at 26 volts per plate. 


It is evident from the slow increase at 90 C that this 


high-temperature plate 


represents a reasonable operating condition, whereas a 


critical point exists some where beyond this ambient 


temperature No failures 
}000-hr tests 


occurred in this type during 
at 90 C, while & out of 10 units failed under 
Derating 


identical conditions at 105 ¢ curves to be 


introduced later will take this fact into consideration 


of conventional and hi 


shown typical comparative characteristics 
th-temperature selenium sta ks 


Forward voltage drop was calculated from other known 


parameters current derating at 


Based upon these curve 
25 per cent of normal can ensure better operation for 


conventional types up to 90 or 95 C. From the point of 
view of specification format, it is evident that two separate 
classes must be established; one for conventional types 
limited to somewhere below 90 C. the other for high 
temperature types above that ambient 

The high temperature reverse characteristics shown in 
big. & illustrate the obtained for 
three representative manufacturer's stacks. Again, lowest 


le akage is 


Keach of the rectifiers charted would pass reason- 


pread of test results 


initial associated with earliest 


pote ntial 
failure 


Table Il—Maximum Plate Operating 
Temperatures of Selenium Rectifiers 


Viax plat temperature dew 


Operating life, hr 


Type of rectifier i 720 s000 10,000 


High temperature BS > ) 105 


Conventional 8 75 


Mtr St, 1x1 in., 4-24 
100% load except os noted 


many submissions 
from Manufacturer Zl would fail a 105 C life test and 


would most certainly fail a 125 ¢ 


able initial requirements; however, 


high-temperature 
operation test 

Comparison of Figs. 9 and 10 shows clearly the effect 
ot higher 


for |x in 


ambient temperatures upon the ratio quantity 
selenium plates. For example, the TI 
units fail after 700 hr at 90 C, but after only 150 hr at 
1O5 ¢ likewise high-temperature type Zl units are 
3000 hr at 90 C, and fail after 2300 hr 
at 105 C. Five of the latter units showed indication of 
failing after 3000 hr at 90 C, and showed positive failure 
after 1000 hr at 105 C. Specimens W1 and Y1, although 


comparatively constant characteristics, have 


marginal for 


exhibiting 
somewhat lower ratio values at 105 C due to increased 
leakage. The critical ratio value of 8 chosen for 1x1 in 
stacks is purely an empirical figure chosen from detailed 
study of the test results 

Figure 11 shows similar data at 105 C for 
Samples of Manufacturer Y2 


tendency toward failure, (due, 


5x6 in 


plates indicate a greater 
probably, to lesser plate 
stacks), while 


are still passable. 


spacing than comparative S2 samples, 


iltthough marginal An exception is the 
performance of rectifiers of Manufacturer Z since his 
»x 6 in. plates are improved over his 1 x1 in. 


Note that the 


chosen at 12 


items 
critical I,..;,/Tac. quantity has been 
for the 5x 6 in. stacks, further indicating the 
limitations of this ratio. A quantity having completely 
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95 105 
Ambient temperoture, deg ( 


Fig. 14—Selenium plate temperatures observed at 


ambients and before and after 


various 
720 hr of operation. 


independent parameters in numerator and denominato: 
should not vary from one plate size to another. 
Figures 12 and 13 are self explanatory, since results 
derived therefrom are as would be expected for normal 
With 


respect to both conventional and high-temperature plates, 


deterioration of selenium rectifier characteristics. 
the basic value of the ratio quantity decreases with higher 
temperature due to increased leakage, and approaches the 
established critical value (failure) at a greater rate with 
increases in ambient temperature. Another interpretation 
of this failure pattern is shown in Fig. 14, 
720-h1 
plates at different high ambients. 


which com 


pares initial and characteristics for conventional 


These curves clearly 
show the deviation of final plate temperature from the 
established by 
taking 
reliable operation, in this 
below 95 Note in Fig. Ll the 


pronounced deviation above 95 ¢ 


characteristics Ac 
this 


linear trend initial 


celerated aging is place beyond point of 


deviation, limiting instance 


to ambients similar 
for this period ot ex 
osure 

The curves of Fi; 1S are test 
results pertinent to Sl and Y1 stacks and are assumed to 


I They 


be representative of 
lable Il for 


figure in the 


a compilation of all 


all products in each class 
clearly demonstrate the data summarized in 
ip to 3000 hr of operation: the 10,000-hr 


table is an extrapolation for maximum reliability 


Fig. 15—Summation of high temperature 


Mirs. 5S] 


operating 


and Y}. 


characteristics of stacks made by 


MAY 1956 


This study has led to the 
offered for 


are contained in Sper 


proposed derating curves 
Fig. 16. The initial 
MIL R-L1050 (Sigt - 


long life operation for conventional stacks. The second 


comparison in curves 


and ensure 
set of curves will be included in a coordinated version 
of the above specification and are an initial attempt to 
raise operating temperatures to more realistic military 
limits derating factors are substantially 
than Fig. 15, 
for failure during establishment of these curves was a 


With re- 


gard to operational characteristics, this is not a realistic 


These more 


conservative indicated in 


since criteria 


1) per cent decrease in output voltage (V4). 


figure, since a drop in Vy. exceeding 20 per cent makes 


i unit effectively worthless as a rectifier. Since even 


more test data, these 


severe curves are substantiated by 
under discussion should afford maximum reliability from 
i reasonable percentage of manulacturers. 

Summary. As has been previously experienced with 
conventional selenium rectifiers, a wide range of opera 
tional characteristics was noted for high temperature 
types. With few exceptions, however, adequate operation 
was obtained in ambients at least as high as 105 C. One 


especially significant result was the high plate tempera 


tures and subsequent failures of large stacks associated 


with close spacing; it is apparent that plate spacing will 
be an important factor in high temeprature stack design 
and rating. For example, Manufacturer Y1 stacks (1 x 1 
in.) with a wide plate spacing (0.20 in.) all passed at 
90 C, while Y2 stacks 
row spacing for large plates (0.43 in.) failed in 9 out 
of 10 cases 


(5x6 in.) with a relatively 


Distinctive 


characteristics were noted for each 


manu 
facturer’s products in both the conventional and high 
Plates of Manufacturer T had lowest 
shortest life Manu 


showed high initial leakage but good stability: 


temperature types 
leakage but 


facturer | 


initial while those of 
products Manufacturer Y presented had good low leakage 


coupled with lower 


(higher forward 
drop), while a stack of Manufacturer W had somewhat 
higher leakage but high output voltage. It 
parent alter that 
In this respect 


this 


output voltage 


becomes ap 
results of this Ly pe 
field of use 


sive data compiled durin 


each manufacturer 


has his own best the exten 


should 


repre sented herein 


pro ram prove 


idvantaveous to each 


tow ird cle 


manufacturer 


velopment of hi wn short-term life test 


“ont 4) 


ied on page 


= 


Per cent of rating 
Ss £ 8 


Y 
°o 


40 50 60 7 8 
Ambient temperoture, 


120 





High-Temperature, Foil-Type 
Tantalum Capacitors 


big | Phree tantalum electrolytic « ipacttors on top are of the 
» €. type designed tor high reliability service, Second unit is 


martially cut away to show double unm Teflon isket seal. Bot 
i | } 


tom capacitor is the 125 ©. version 


Percent of room | 
temperature copacity 


Per cent power 


-60 -40 -20 0O 
Temperature , deg C 
Fig. 2 


Fig. 2—Temperature coefficient of capacity and power 
factor for tantalum capacitors rated at 1 »f-150 volts d-c. 


These capacitors have been developed 
for reliable continuous operation at Sea, 
Design calls for a rolled tantalum-foil 
capacitor section, impregnated with a non 
aqueous, organic-type electrolyte. sealed 
ina tubular aluminum housing with a 
spectal Teflon-rubber triple-spun gasket. 
Life test data are presented indicating 
stability and very low leakage currents. 


/ predecessor 85-( design is also de 


S¢ ribed. 


DAVID B. PECK 

STANLEY W. BUBRISKI 
WALTER W. SCHROEDER, JR 
SPRAGI Kiectric COomMpa 


Nortl Ada Ma 


Note: Readings token after 
10 min at 150 volts d-c 


w 


So 


~ 
w 


Tn en! 


-60 - “20 0 2 40 60 80 100 120 140 
Temperoture, deg C 


Fig. 3 


Fig. 3—Leakage current as function of temperature. Fig. 4 
Frequency coefficient of power factor in audio range 





DESIGN OF A NEW foil tantalum capacitor capable of suc 
cessful operation under continuous load at 125 C will 
be described here. Because much of the basic engineer 
ing work was initiated on a high-reliability 85 C capac 
itor, the discussion will also be directed to the latte: 
The top three capacitors shown in Fig. | are the 85 ¢ 
150-volt d- 


rating, the dimensions without sleeving being , in. 


high-reliability units, in a l-yf nonpolar 
diam by Loy in. length 
125 ¢ 


respects is similar in overall construction 


The bottom capacitor is the 


version of the high reliability unit. and in many 


Salient structural features of the two designs can be 
summarized as follows 

HO) Rating 125 € Ratings 

Foil used 


Electrolyte 


Plain and etched 


Non-aqueous 


Plain and etched 
(Aqueous borate 

used organ 
Can used Aluminum Aluminum 
lerminal Double spin with 


seal Leflon 


lriple spin with 
leflon and a 


synthetic rubber 


Construction of both types has been based on good 
engineering practice evolved in the course of many years 
of electrolytic capacitor manutacture Among the Sper ifie 
problems which were given special attention are the fol 
lowing 

l. Foil Inspection. Special procedures were developed 
for the evaluation of the characteristics of the incomin;s 
foil, in decided contrast to procedure s used on aluminum 
foil inspection 

2 Electrolytes 
the 12 


pressure at the maximum temperature and at the same 


An electrolyte had to be developed for 
» C capacitor which would have a minimum vapor 
time be of a film-forming type. An electrolyte base on an 
organic system was developed for this purpose and it 
combines adequate low temperature characteristics with 
its high temperature stability 

3. Spacers. The introduction of the new organic ele 
trolyte made necessary also the development of a space! 
material which would be completely inert. This was a 


omplished by departing from the cellulose spacer sys 


wo 
uo 


8 S 


S 


Power factor, per cent 


% 4 6 


Frequency, kilocycies 
Fig. 4 


for tantalum capacitors. Readings taken at 25 C. Rating 
1 uf-150 volts d-c. Fig. 5—Room temperature (25 C) char 


Typical Values, 125 C Foil Tantalum Tubular 
Capacitors 


Surge 


voltage Ha ! 1 foil Plain foil Etched foil 


3.6 
7.0 
12.0 
17.5 
27.0 
35.0 


116 


tem entirely and high-temperature porou 
plasti Ss spacet 

kxtended studies have been conducted on the stability 
of the structure of these unit These tests have included 
careful observation of electrolyte leaks, to the extent of 
measurements in terms of ten-thousandths of a ram. As 
i result of these observations, it has become apparent 
that the very trace amounts of electrolyte loss in either 
case in either temperature ratin when using Teflon as 
i barrier seal element, are insuflicient to cause any change 
in electrical performance This confirms the vapor trans 


mission characteristics of Teflon as found in the literature 


Electrical Characteristics 


Since the 85 ¢ ipacitor has been under test for almost 


two vears, some comment on shell characteristic may be 
useful. A series of | vf, 150 volts dec units were placed 


on open eireuit hell test at Go ¢ The initial room 


leakage 
At the end 


temperature current readin iverage was 0.62 


microamp { 4000 hr of the high-te mperature 


Cont ed on page 364 


~Capocity, pt, 
ot 120 cycles 


Power factor, per cent, 


ot 120 cycles 


Leokoge current, microomps, 
10 -min readings 


250 500 1000 1250 1500 
, Hours of 125 C 
(prior to room temperature tests) 


1750 2000 


acteristic of tantalum capacitors subjected to life test at 
full rated voltage at 125 C, Rating: 1 af, 150 volts d-c. 
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Peaking and 
Interphase Transformers 
for Thyratron Control 


This is the fifth and last article in the 
“Practical Circuits for Grid Control of 


Thyratrons” series. Here the authors dis 


bias 
ee : winding 
seunnatie cuss the peaking transformer as an ex- 


shunt 


tremely successful means for positive 


triggering of thyratrons in straight a-c 
and a-c plus d-c control circuits. Added 
i alae to this is a tally of the benefits brought to 


big. 80-—Schematic diagram of imple flux-biased peaking i] ultiple rec tifver eurcuuls hy interphase 


transformer. Magnetic shunts are used to increase the induc 


tance of the center leg of the E-lamination transformer windings. 


THE DESIRABLE FEATURE of the voltage impulses used to 
overcome a hold-off bias (whether a-c or d-c or a combina 
tion of both) is a vertically rising peak of voltage. The 
peak should have at least a sufficient width to allow time 
for ionization to take place In some circuits, it would be 
desirable also for the peak to be maintained over a certain 
period of time, as will be explained in the treatment of 
interphase transformer circuits. Then, the peak should 
drop quickly to zero, remaining there until the same time 
in the next conducting interval. Static transformers (49)*, 
or combinations of circuit elements may be used to produce 
these peaked voltage pulses 

urce Peaking Transformers. A simple peak-yoltage-producing 

Fig. 81—Variation of a flux-biased peaking transformer in transformer can be devised from certain types of small 


corporates two sets of magnetic shunts. Optional d-c bias filament transformers by exciting the low-voltage winding 
winding makes it possible to displace one peak relative to 


+] hes Cit Refer s at the end of the 
the other 
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Reprints of Thyratron Series Now Available 


The five-part series on “Practical Circuits for Grid 
Control of Thyratrons” is concluded in this issue. 
For many years, the thyratron has topped the list of 
important industrial electronic tubes as a supplier 
of controlled d-c power. It was in recognition of this 
fact that Execraicat MANUFACTURING sought out and 
presented the thyratron series, which represents our 
most ambitious effort to date in a continuing series 
of articles planned to aid the design engineer in the 
application of thyratrons and thyratron circuits to 
electrically energized and controlled products. 

In the space of almost 50 pages, the authors, Messrs. 
Chin and Moyer, have summarized all that is known 


through 4 series current limiting resistor from a sinusoidal 
ic source of 15 to 30 times the rating of that winding. For 
example, a Thoradson T19F80 l-amp transformer with 115 
volt primary, 
100-ohm 


scross the 


if excited on its 3.15 volt section through a 
from a 115-volt a-c supply, will develop 
115-volt winding a well defined peak of about 
100 volts. However, the peak rides on a 60-cycle component 
of appreciable magnitude (say, 20 per cent of the peak 
value) which may be objectionable unless a d-c bias greater 
than the crest value of this a- 


resistor 


component is used in series 
with the peak-producing winding in the grid circuit of the 
thyratron which it is to fire 
[Transformers designed for the purpose of 
peaked voltage contain as little as 


producing a 
three to six very thin 
laminations of square-loop material such as Mumetal or 
Permalloy and have relatively few turns on their excitation 
winding, but many turns on the peak producing winding 
In some applications a resistance is used in series with the 
peak 
Other applica 

which shifts 
the peak toward the peak of the supply voltage. One popular 
eircull 


excitation winding, in which case the occurs near 


the zero point of the supply voltage wave 


tions use an inductor instead of a 


resistor 


arrangement uses a inductor, 


and 
This has the ad 


inductance to be 
its voltage drop is cancelled by the 


resistor, capacitor 


ill in series with the excitation winding. 


vantage of allowing a 


large used 


since 
capacitive reactance 
drop in the series-resonant X, and X, combination, leaving 
only the resistive drop to be supplied by the voltage 


The use of an 


source 


appreciable amount of 


inductance pre 
ents spurious peaks from appearing in the peak-producing 


windings due to 


might be 


harmonics in the excitation current as 


caused by disturbances in the 


voltage 


supply 


<4 inc reasing moagr tude oO increasir } mage tude —> 
reversed direction of bios ne direction of t 


OS 


Pattern of change of peak amplitude 


29 
ra 


is phase-shifting bias is adjusted. Dashed wave 
is sinusoidal envelope of peak amplitudes. 


about thyratron grid-control circuits. We expect that 
their comprehensive and lucid discussion will provide 
valuable help to thyratron users for some time to 
come. In addition, the control circuits described in 
this series probably will find their application in 
transistor circuitry, or may become a source of 
organized knowledge to form the basis of new circuits 
yet to be devised. 

Just off the presses is a single reprint combining 
all five articles in the thyratron series. Single copies 
are priced at $2.00 each. Lower prices will apply to 
quantity orders. For complete ordering instructions, 
please turn to page 282. 


[ypical specifications for the nature of the peak to be 
produced call for a peak of 200 volts and a base width of 
10 deg at the half-amplitude point when the peak-voltage 
100,000-ohm load 
It is assumed that the 60-cycle component of the peaked 


voltage is so small as to be 


producing winding supplies a resistive 
unnoticeable on an 
Usually, the 
excitation voltage source is the output of an R-C type of 
bridge 


the circuit of the peaking transformer may be phase shifted 


relatively 


oscilloscope trace of the secondary voltage. 


phase-splitter circuit so that the supply voltage to 


ind the peaks phase shifted accordingly 


Flux-biased Peaking Transformer. This is a more com 


plicated version of the simple peaking transformer. It has 


the characteristics of the inductively impeded 
built 


magnet 


peaking 


transformer with the inductance into the 


of a 
to high-reactance 
| core 


square loop 


center leg 
similar 
The I-member of the 


made of a few 


common E-core by means of shunts 


transformer designs 


structure is laminations of a 


material, and around these saturable mem 


bers are wound the peak producing windings. On the 


and the 


ter leg, between the magnetic shunt saturable sec 


lions ure wound the d- 
shifted 


Sometimes a 


biasing windings by which the 


peak is phase 
each of the 
block 
conducts during the 
hort 


magnetic 


rectihier | connected across 


peak voltage winding ind j 


thie pe ak 


polarized so as to 
voltage, Fig. 80. Hence, it 
half-eyele 


divert the 


econd and the resulting eircuit current 


center-le flux into the 


saturating 


path of the other winding Thi erves to almost double the 


magnitude of the voltage produced 
\ different 


iding 


pear 


mode of operation can be achieved by pro 


inother set of magnetic shunts and placing between 


} } 
Se 


Fig. $3-—Impulse-producing grid-phase control cit 
cuit. Rectifiers DI and D2 transfer 
to the transformers on 


eye les, 


voltage 
alternate half 
almost doubling the output of these trans 


bridge 
coupling 


formers 





t, 


)-c Component 
of yocuum-tube 
grid voltage | 

| B Reference | 


T "2 %| voltoge 
i Eifin >] 
oe 
7 _ 
| vT-3 
leaodin g | ee} ° 
phase shifts if ay 
Amplifier VT-2; C is the negative d-c 
tube ° component A to C on grid of 
] VT-2; and D is the slightly 


negative voltage needed to 
render VT-2 non-conductive. 


mother winding round the center leg a fier installation. Fig. 82 shows how the magnitude of the 


#1. Thi econd winding may be supplied peaked pulses changes according to a sinusoidally shaped 
through an adjustable resistor from the same phase as the envelope of maximum values when the peaks are. shifted 
primary winding for the purpose of phase shifting the from their normal points by means of flux-bias control 
peaked voltage pulses. Thus, an extended phase-shift’ bridge Another circuit: producing impulse type of grid phase 

vould not be necessary Also, d-c bias windings may be control voltage is shown in Fig. 83. This circuit is a modi 
placed on the outer legs between the two sets of magnetic fication of the iturable-reactor, resistor bridge circuit 
hunts for the purpose of displacing one peak relative to shown in Fig. 45 (of February article) to better adapt it 
the other. This is used a i means of balancing the load to the requirements of phase-controlled inverter action 
current between the various anodes of a multi-anode recti during the regenerative deceleration of an electronically 
controlled motor This circuit 

provides a negative d-c com 

ponent for the grids of the 

: thyratrons by virtue of grid 

Fig. 85—Comparison of simple and multiple rectifier ss rectification charging C3 and 
circuits, Current output of circuits C and D is double that sa superimposes a blunt a-c com 

of the first two arrangements. However, cireuit C has a ponent from 77 and T2 when 
higher “per-anode” current than either A or B and is thus the thyratrons are to be fired 


not as satisfactory as the D arrangement in which an inter- Diodes DI and D2 serve to 
phase transformer is used, The latter brings the per-anode 
eurrent down to a value identical to that noted for A 


transfer the output voltage 
from the saturable-reactor, re 
sistor bridge to the coupling 
transformers T] and T2 > on 
alternate half cycles, almost 
doubling the voltage available 
from these transformers. (50) 

Stull another circuit for im 
pulse-type firing is that in Fig 
% Rach half (VT7-I and 
VT-2) of the dual-triode vac 
uum tube is grid controlled in 
such a manner as to be con 
ductive when the associated 
thyratron is being held off 
then rendered non-conductive 
rapidly when the thyratron is 
to be fired { 1) 

The grid voltage of VT7-2 
consists of a-c component B-A, 
Poe al ; which is quadrature leading 

ie ee NS relative to anode voltage 2-N 

- . ‘ of thyratron 72, and adjust 
ible d-c component A-D. As 





sume that the d-c component of grid voltage of VT-2 is zero, 
the potential of 4 being at the level of D. Then, during the 
urst YO deg of the half-evele when the anode of thyratror 
positive and ready to fire, the grid of V 7-2 is very 
positive and V 7-2 is conducting. Now, if the ampli 
the ¢ component of the grid voltage is sufhiciently 
compared to the control characteristics of | 7-2, the 
rapidly. Also 

when the ic component of voltage B-A is zero, o1 
olts neg ve. the grid of VT-2 becomes 


oltage passe through zero value very 
ufficiently ne 
that conduction 4 rapidly reduced to a_ negligible 
int Plate potential I rises toward the positive i 
This drags point G along in 


“or ipidly that the charge 


viliary ipply 
ce E rise 
change much Thus. the grid voltage 

change rapidly from an adequate re itive 

ilhhe when the thyratron j to be fired 
i idjusted iway from this 90-deg 
the adjustable d-e component of the grid 

between 4 and C. If A is positive with respect to ¢ 
Hence 


yrid voltage cross zero at a later time in the halt 


component is biased in a positive direction 


ind the firing of the thyratron 1 further retarded 

if 4 is negative relative to D. the net grid volt 
earlier in the hall-evele and the firing 
idvanced The ame type of control 4 


ind 7] during the next halt-evele of opera 


Amplifier tube |} 7-3 is used to control the potential ot 


point 4d in response to the difference in potential betwee 


i relerence voltage ind the feedback voltage from the out 


put of the thyratron Tf the output voltage increase the 


grid of V 7-3 becomes more negative relative to its cathode 


17-3 conducts less plate current and the potential of point 


{ rises. This further retards the firing of the thyratron 


ind reduce the output voltage until a new equilibriun 


level of operation 1 reac hed 


Grid-Phase Control with 
Interphase Transformers 


Interphase transformers are almost universally used in 


powell oetter utilize the 


| conversion 


equipment to (1) 
transtorme! secondary winding by extending the conduc 
tion period and reducing the peak and rms value of the 


inode current through these winding and (2) lo immcredase 


the current rating of the thyratrons (92) 
Fig. 85 shows a three-phase rectiher with thyratron 


connected to secondary windings J, 3, 5. The conducting 


period of each thyratron is 120 deg. (neglecting commu 
tation overlap the peak current is the / ilue obtained 
from the contribution of three tube the average current 


ontributed per tube is / } and the rms (heat-producing 


tlue of the anode current is / , The 
oltage is 0.827 I 
85 (B hows the same cireuit arran 
(A but with tube 


pha ‘ ; fh The current value and the o itpul 


iveraue output 


ement a the 


connected to diametrically op 
ilue are the same except that the current tran 
former points are displaced in phase by 60 deg trom those 
ol tink / ) > and the peak of the output ripple are 
equally displaced 
hig. BS « hows that when the d-c outputs of cireuit 
\ ind (B connected together in’ parallel 


iX-phase reuit arrangement, the mode of operatior 


forming 

changed } Lite ney conduct 1 onl OO de 
ik tube current is the / alue double 
(A) or contribute t 


sulput current the average 


(B because ix tubes now 
irrent per tribe j / 


el ould be the ittie ilue per tube a if 


big. 86 Curves show cireuit behavior when the interphase unit 


fails to function throughout its expected period of operation 
The desired period is 60 deg and circuits 4 through Care 
arranged in decreasing order of operating time. Part D show 
the increase of output voltage when per cent of rated ftull-load 
current is reduced, Also shown are the degrees of time during 
which the ustain the 


interphase transformer function lo 


ourtgomg wye 


ind the rm irrent per anode 4 6. The lat 
is a disproportionately greater value per anode than 
in cireuits (A) ind (B Phe iverage 
raised to O.954 F 
In Fig. 85 (D the d- 


ire hown paralleled through two reactor or a centered 


output voltage i 


outputs of circuits (A) and (B) 
tapped transtormer called an interphase transformer, form 
bth} i 1x pha t double wye circuil Now the mode ol opera 
lion | that of two distinct wye roup hie iveraye cul 
rent per tube is 1/2] } the mm 
is 1/2] 
i per-tube basis these iis ave thee me as tor eireurt 
\ and (B) and the output voltage is 0.827 | 


In kiu. 86 (A i hown how the output voltage 


current per anode phase 


Sand the peak current per tube is //2 / On 


rises to the higher instantaneous level of the six-phase cit 
cuit of Fig. 85 ( when the lower half of the interphase 
nil cease to maintain current il b> ke ol the expected 
OH) deg ol inductive churuwe bhese wave form ure pred 
icated on the a imiplion of a high alue of dee induetanes 


in the load eireutt that the load current is essentiall 


ripple-free Phe indus it the 45 deg point be 
‘ the iIt-second a , charge is just equal to the 
irea lo ria I Nid ible to charge inn thee pore 
0-45 dey during charge 
the current chan ire vero to the | 2 / level wa ill 


that could take place b ul ; / was the total out 


cedin kxplaining further 


put current Hen j i i y Lescoh place lo miaintai 
conduction throu ordinaril ould not 
conduct ( hes itise I itie ( L Ww ie lon er the hit 
discharwe 


est ilue of the 


la ani while 


Thu the 





Areo of 

ater ada , F Fig. 87 (left)—Curves show 
4 effect of discontinuity in the 
interphase operation on anode 
voltage. Ordinate (1) is the 
instantaneous inverse voltage 
across square tube 3. Section 
(2) relates to portions of nor- 
mal conduction period that will 
Tube No 3 be lost if the interphase unit 
fails to function throughout its 

full range. 


Normo! conduction period of 
"Squore” tube 


Tube No.6 cond D-c reactor Tube No.4 
6 con , 


3 


od Tube No 24 


>in 


Tube No Se? 
Conducting A 


Tube No a 


90° 105° 120° 435° 150 

Tube No.3 is fired here 
Fig. 88 (right)—Pattern of 
anode voltage when 30-deg grid 
retard is added to interphase 
discontinuity. Ordinate (1) is 
the pattern of instantaneous 
inverse voltage on tube 3. Sec- 
tion (2) is portion during which 
grid control prevents tube 3 
from firing when its anode ix 
positive. 


Tube No.6 Gooteriing,, 2 Non- conduct 
conducting ! ‘ 


Conducting period of Fig. 89 (left) - Pattern of anode 

. tube No.3 - voltage when grid retard of 45 
deg is added to interphase dis- 
continuity, Section A relates to 
intervals during which grid con- 
trol prevents conduction when 
anode voltage is positive. 
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pected period with consequent rise in average output volt 
ige toward the ultimate limit of the output voltage of the 
six-phase star circuit 

In Fig. 86 (D), the pattern of average output voltage is 
seen to increase as the load current is reduced below the 
initial value (called the transition current value) necessary 
to maintain the interphase unit functioning throughout its 
full cycle of operation. Usually, this transition value is about 
5 per cent of full load value 

Discontinuous Operation of Interphase Transformer. When 
the interphase unit fails to function throughout its expected 
period, the forward anode voltage, the duration of the con 
duction interval and the inverse voltages of the rectifier 
elements are affected. Consider the operation wherein the 
instead of 


at the expected full period of 60 deg. This condition is de 


interphase unit discontinues operation at 45 deg 
picted in Fig. 86 (A) and is shown again in pictorial form in 
Fig. 87. For simplicity the rectifying elements are shown 
is diodes, starting conduction whenever their anodes are 
positive relative to their cathodes, thus making the tube 
behavior independent of any grid control action. This pi 
turization shows the tubes when conducting in the position 
of absorbing part of the applied voltage, but the are drop 
is considered too small to be taken into account in drawing 
the various wave forms. 

The “square” tube 3 begins to conduct when the anode 
to-neutral voltage of phase 3 becomes more positive than 
that of phase J so that tube 3 transfers the wye current from 
tube ]. This transfer is assumed to take place instantly and 
is possible because the lower half of the interphase unit has 
been discharging its inductive energy to keep tube ] of the 
1-3-5 wye group conducting ever since the anode voltage of 
tube J dropped below the most positive anode voltage of 


tube 2. 


Since the inductive energy was not completely dis 
charged by the time tube 3 became more positive than tube 
/, tube 3 assumed the functions of tube J, and continued 
to conduct until the interphase unit expired at the 45-deg 
point. Here, the 1-3-5 wye was released altogether, so that 
from 45 to 60 deg the only tube conducting was tube 2 
The interphase unit associated with tube 2 does not charge 
or discharge in the 45 to 60 deg interval because the d- 
inductor is so large as to prevent even a minute change in 
the current flowing at this time. The interphase unit asso 
ciated with tube holds all the charge accumulated since 
the point marked 0 deg when it first began to charge in an 
ticipation of a disc harge between 60 and 105 deg 
Accordingly, tube 3 begins to conduct at 30 deg and cat 
ries half of the load current until the interphase unit cut 
out at 45 deg lube 3 ceases to conduct when its anode 
voltage is driven negative, to rise again at 60 deg, because 
now the anode of tube 3 is the most positive of the six. Tube 


} conducts on this second try from 60 to 150 deg, then begins 


to go negative until 165 deg where its wvye section of the 
interphase transformer cuts out 

If the diodes are replaced by thyratrons in this particulas 
node of operation each thyratron would have to be fired 
twice, once at 30 and again at 60 deg. Thus, a single 
impulse at 30 deg would be 


miss at 60 deg 


inadequate because it would 
completely. Or, if set to fire at 60 deg, it 


would have missed firing at 30 deg. To overcome this difhcult 


i j 1 common practice to broaden the positive 


ection of 


thi jr iked impulse to cover i whole band ot firing point 
to allow for as 


many firings as might be required within the 


mand. Fig. 88 shows the change in wave forms which might 
similar to those of Fig. 87 if firing 
delayed 30 de r 


g would occur at the 60-deg 


expected of conditions 


the thyratrons were to he bevond the 
full-on point (meaning firin 
point of the anode-to-neutral voltage Now, tube J cannot 


transfer to tube 


Sat the usual point of intersection of these 


two anode-to-neutral voltage waves because tube $+ J held 
off by grid control. So, tube ] continues to conduct and fur 


nishes a discharge path for the 1-3-5 wye interphase unit 


+ + + 
20” 150° 18 
retard 


oO Rectification and inversion 
quadrant ol grid phrase control for con 
ditions of continuous 


~ 


W 


iagging 
(For tube N 


big. 91—Rectification and in 


version regions of grid phase 90° 
control for a delta six-phase Minimum commutatior 


star rectifier circuit voltage available 


It is here assumed that the value of the load current is 
such that the interphase unit would cut out at 374% deg 
ind at this point the circuit would revert to six-phase star 
operation, Since tube 3 is allowed to fire at the 60-deg point, 
the double-wye circuit begins operation in a normal manner 
as before. This mode of operation allows the anode voltage 
to go positive trom 340 to 3i%/ deg when firing must not 
occur. Then, it is driven negative from 3714 to 60 deg, when 
hiring could not occur The tube is fired from 60 to 157% 
deg after which the anode is driven negative sudde nly and 
begins a more normal pattern of inverse voltage 

In Fig. 89, there are two intervals of positive anode volt 
ie during which the rid of tube } must hold off firing 
In this instance, the firing is delayed until 45 deg past the 


full-on point and the load 


{ current has such a value as to 


illow the interphase unit to come in late at 15 de Zz and Zo 


15 deg. Tube J is the only tube conducting during the 
0 to 15-deg 


out at 
interval. Then, the firing of tube 2 causes the 


inte rpha e units to function, the 1 ection connected 


to tube 2 to begin to charge ind the 1-3-5 section connected 


to tube J to discharge Although the discharge area cor 
linus through the intersection of anode-to-neutral voltages 
l and J, tube J is not fred and cannot transfer current trom 
tube J. Thu tube J continues to « 


irea is exhausted. Here, tube 


onduct until the di charge 
become the onl tube con 


ducting from until the 75- wint when tube 3 is fired 


ind the interpha ‘ Nit i wed to function ivait 


Grid Control for Inverter Operation 


The action of i to convert power trom a d- 


ource into an ¢ OV pulput Since d-c anode voltage 


18 applied to the yratron once fired the grid cannot be 


expected to extin i inode conduction, Henees ome meat 





big. 92 Simple cirecuil arrange 
ment for thyratron control of 


mode firing of an ignitron tubs 


Control of anode firing 


hig. 9 
ith manually adjusted, 120-deg 
lagging unt plu de tyyn ofl yrid 


phase control, Cathode bus of 


ignitron tubes becomes the com 
mon cathode return for all of 


the firing thyratron 


ied te arive thy arienele nevalive wit enth 


7 1 thie bile to deionize lhen a newative rrid iti 


maintain the tube non-conductive until the next firing point 


[hie inode potential i ‘ entiall that of the cd-« oures 


pedi the alternate widition and ublraction of a portion 


ny tte ie Output oltave induced un the mode cimeuit ol 


the thyratrons by the pattern of current change. The interval 


during which the anode is positive may be a relatively large 


peeoortion i ‘ dey al the milters il repre ented by one 


cle of the output trequene particularly when the output 
Linder the 


lowing the grid to be positive for a full halt 


rent as discontinuou condition inv form 


tf control 
cle would fire the thyratron at an unwanted time by mak 
hould be negative. One 


ing the grid prositive when if inmnpole 


remedy (53) is to provide a d-c bias which ts a large portion 
ol the prositive- poy amplitude ot iny it oidal int com 


o that the net grid voltage is positive 


ponent of ral voltage 


onl i relativel hort interval near the crest of the 


whion 4 ilk possible with reetitvye 


hly inductive load uch as field winding 


eireutt uy 
wherein 
siree for mverston it net r¢ viele ni The lise hurwe 
durin the rapid and controlled decay of field 
citation forced back into the a-c supply by phasing the 


thyratron oO as to operate in their “inverter quadrant 


lhis is the y ion GO deg 


is diagrammed in ki 90. The rate at whicl 


beyond the region of reetifier grid 


ved trom the inductive winding is in propor 
isgmum voltage which can be maintained acro 


Llenee maxing ontrolled rate of ce i eur 


id is phased for maximum voltage as an inverter 


tullatior thre ‘ plu dea form of yrid pha ‘ 


i nerd meee iutomatic transition be 


seer riud-controtled operation i i rectiber providing 


freld excitatpor ora rlet reduci held excitation 


L hae © COD pOnenL o ‘ volts Wil made to lag i rr 


aries oltage \ ’ instead of the usual Of 


le lhis is done because in the ixophase tar cireunt. the 


ull-on point occurs OO ae behind voltage zero of the anode 


to-neutral vollage wave the theoretical zero output coeur 


Wd cle later (a total of ISO ae mast vollage zero and 


142 


«lA 

+ 

Adjustable d 
ImMponent 


full-on in inverter occurs when firing another 9O deg 


later (or 240 deg past voltage zero). Thus, a grid component 


lagging 120 deg is in a better phase position to be biased 
positive (for rectification) and negative (for inversion) te 
ihieve phase control over the full range of 180 deg. This 
is shown in Fig. 9). 

The grid circuits of a frequency changer 


whose powell 


circuits may be resolved into reetifier and inverter units 
ilways contain one a-« component of the input frequency 
one ac component of the output frequency; and a negative 
d-c bias component. The thyratron-commutated motor (54) 
is an interesting example of a frequency changer. The one 
a« component of grid excitation, from the input trequenes 
Is supplied by the a-c system via the usual transformer con 
other a-c com 


nection ind phase-shifting circuits Ihe 


ponent, from the output frequency, is obtained from a brush 
ind commutator arrangement on the motor shaft. The com 
mutator chops an auxiliary d-c source into essentially square 
wave current at a frequency proportional to its shaft speed 


An adjustable 


veloped and the position of the motor pole s Is 


phase shift between the a-c voltage so de 


produced by 
a mechanical positioning device. Then, a master d-c com 
provided to hold off all conductior 


ponent of grid voltage is 


until a simultaneous condition of both a-« components dis 
tates the firing point of the thyratron 
\ list of references on grid control for inversion and {re 


quienes changers Is ippended to this arti le 
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big. 94 Schematic of tube 
less cireuit) providing separate 


excitation tor firing of ignitron 





Thyratron Phase Control of Mercury-Pool 
Rectifiers 


The most popul ir form of control of conduction by eveli 


initiation of a ithode spot on the surface of a mercury 
pool is by means of a pulse of current through an ignitor 
electrode immersed in the mereury. (55) This form otf 
biting i cathode spot on eac h half-evele and extinguishing 
it the end of conduction is used in the ignitron tube. Such 
velic starting is distinguished from the use of an igniting 
mean ora plunger Immersion process, to initiate a cathode 
pot. which is then maintained indefinitely by means of a 
ontinuously energized holding-anode circuit sometime 
illed a keep-alive circuit 
In these tubes, the ignitor electrode requires an appre 
iable voltage (in the order of 100 to 200 volts, or more) 
ind an equally appreciable current (in the order of 15 to 
(0) amp, or more) in a direction from the ignitor electrode 
into the mereury pool. The ignitor characteristics will be 
permanently damaged by a reverse current of comparatively 
mall magnitude. (56) (57) 

The ignitron tube first found its widest acceptance as an 
ic switch for controlling the a-c power in resistance weldin 
processes. Two ignitrons, back-to-back connected and with 
their cathode-spot initiation phase-delayed and synchronized 
with the 


supply frequency, controlled the rms magnitude 


ind duration of the alternating current supplied to the 
primary winding of the welding transformer 

Anode Firing. Anode firing is a form of ignitor excitation 
ircuitry wherein each ignitor electrode is supplied through 
i hot-cathode thyratron firing tube deriving its anode voltage 
from the main anode circuit of the ignitron being controlled 
This is diagrammed in Fig. 92 and is shown more completely 
in the cireuit: of kig 93 In this arrangement grid-phase 
ontrol of the thyratron times the point of ignition of the 
ignitron so that the pair ol tubes may be thought of as one 
vrid-controlled rectifier element 

For resistance welding control, with its characteristic of 
ippreciably inductive loads and the need for never firing 
ihead of the natural steady-state power lactor angle of the 
load, the use of anode firing is simple and adequate. Thi 
is because the firing is always delayed to a point in the cycle 
where the instantaneous voltage is much higher than the 
several hundreds of volts needed to fire the ignitor itself 
If the 


would take all of the current that normally would 


ignitron should fail to. fire the firing thyratron 


ro to the 


ignitron Hence a protective Tuse and a current limiting 
resistance are used in the anode circuits of the firing tube 
to limit the duty on the thyratron in the event of a defective 


ignitron. When the ignitron does fire, its lower are drop 


shunts the thyratron and protective resistor circuit and prac 


tically extinguishes the ignitor current. This relieving of the 


ignitor is a very desirable feature. Also hould the cireuit 


re uch as to drive the anode ne gative for an interval and 


then positive again, the thyratron is ready to re-fire the 


ignitor 


f which may not be the case with other form 
ceitation 
When thyratron used for anode firing 


ilmost any of the 


vrid-control eireutnt discu 


| employed. If a rectifier load is highly inductive 

the case of an ignitron rectifier furnishing excitation 

held of synchronous condense uch as is inferred in 

ircuit of Fig. 93, anode firing may be used without 

ich increase in the anode-to-neutral voltage. Consequentl 
increase in the kva rating ofl the inode transformer 
he called for over and above th ured tor tr 
controlled rectifier service 


limitation on the 


ol the eriou 
the fact that the ignitor excitation curt 
he load circuit. This is an appreciable 


irrent. ot the order 


the load must be of heiently low impedance to accept thi 


mount of current 


Separate Excitation. Because of objections to the gla 
tubes as well as to the technical requirements of the cireutt 
the ise of anode tiring ts not as prevalent i eparate ex 
citation in rectifier service. Typical of the circuit ised for 
separate excitation of ignitron tubes in controlled rectifier 
service is that of Fig. 94. In this arrangement, the unidires 
tional pulse of current needed to fire the ignitor i obtained 
by discharging the energy in capacitor FC. The discharge 
is timed to occur when the normal flow of current, from 

ipacitor FC into the elf-saturating reactor A ind the 
iutetranstormer 7 has increased to an amount required 
dturation of \ \t 
of \ decrease 


prec iable voltage 


to cause suturation the reactance 


enormously and it no longer absorbs ap 
Therefore. the entire voltage of « ipacitor 
FC is applied to the ignitor terminal to produce the com 
bination of voltage and current required to fire the ignitor 
ind initiate a cathode spot on the surface of the mereury 
pool 

Usually, ignition takes place very quickly and an are di 
charge forms from the top of the 


pool Phi 


ind terminate the ignitor current 


ignitor to the mercury 
would discharge the capacitor FC very quickly 
perhaps betore the main 
inode circuit was ready to take over conduction. In order 
not to discharge the ipacitor he 


ide i ource of energy by 


too quickly and to pro 
ithe 


pot tor in ippreciable length ot time 1) ; i 


which to maintain 


resistor is included in seri 


with the ignitor and the igniter 

ty pa ed by a holding-anode circuit 

One of the functions of the linear reactor is to prevent 
the capacitor FC from discharging back into the supply 
cireuit. The saturable reactor is used to phase shift the volt 
ipee ipplied lo capacitor he ind in that manner produce 
phase control of the firing of the ignitron Ihe tutotran 
former 7 serve to apply the ime firing conditions to the 
diametrically opposite ignitron 180 deg later, so that only 


one et ot cireutt needed tor two tube 


mponent ire 
(ob, oF) 


When the rectifer load is not highly inductive and. in 
particular, when the load comprise 1 counter-emt without 
ippreciable inductances there i ery litthe instantaneou 
difference of potential to supply the firing requirements of 
the ignitor electrode Henes the inode-to-neutral voltage 
of the anode transformer may have to be increased appre 
clabl to de | iy thre pormnt of ignition se that ulhierent voltage 
is made available. This may represent a full-load operating 
point at an angle of appreciable grid retard from which the 
rid control could be retarded further but cannot be ad- 
inced, This requires increased anode-transformer kva rating 
ind produce 1 low power factor condition on the a-c input 
ide of the reetifier. It should be noted that 


trol of rectifier output i whieved at the expense of laying 


yrid pha econ 


factor on the input ele 
ignitron tube contain one or more 4 m addi 
(or twe ynitor electrode (00, ol ; In thi 
ynitor 1 ‘ te initiate i cathode pot whicl 
iintaimes holding anode circuit for a pre 
fraction fa halleevele of the ipply frequene 
ition lhen, the control yrid 
itheode j emplo ed in the 
ia4l manner tor controlly the firing of the main anode. The 
thes rid or d ' ed to establish and 
potential radient 
ng the inter 


Other 


formed 





are used for cyclic control of the initiation of conduction 
from the cathode spot on the mercury pool to the main 


anode. Generally speaking, the grid control volt-ampere 


requirements of these tubes require the use of lower-im 
pedance grid-circuit elements than would be used with the 
lesser current-rated thyratrons 


Another method of initiating a cathode spot on the sur 


face of a mercury pool cathode is by a high potential ele 
trostatic gradient between a conductive band outside of the 
glass wall surrounding the meniscus of the mercury 


pool 
or by an electrode 


properly disposed with respect to the 
pool inside of the tube. These means have not found popular 


support for commercial applications over the years since 


their inception. This may be due to the rapid deterioration 

of the effectiveness of the starter due to contamination of 

the glass or the mercury 
Magnetic Control of Thyratrons. 


The ampere-turns of an 
energized coil 


whose magnetic field is properly oriented 
with respect to the path of electrons between cathode and 
anode within a gaseous discharge device, may be caused 
to control the initiation of a discharge in much the same 


manner as the electrostatic potential applied to the grid 


In fact, a family of static critical characteristics may be 
determined in terms of applied anode-to-cathode potential 
versus magnetic-held intensity necessary to prevent con 
duction at each and every value of anode voltage. These 
characteristics will very much resemble the static critical 
grid characteristics except that direction, or polarity, of a 
magnetic field will not matter 


appreciably, whereas the 
polarity of grid-to-cathode potential is very important 
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Fig. | Dismantled view of Synduction motor showing die-cast rotor with aluminum 
filled quadrature-axis slots and aluminum end rings with integral fan blades 


“Hybrid” 
Synchronous-Induction Motor 


This variation of the synchronous-reluctance motor combines syn- 
chronous-motor operation with induction-motor starting and has been 


built on integral horsepower frames in fractional to 40 hp ratings. 


THEKE HAS ALWAYS BEEN a large num is characterized by its constant speed die cast without insulation. There are 
ber of applications below 40 hp which regardless of load and voltage. It uses no brushes, slip rings, et and no d- 
require the constant-speed character windings on the rotating field poles re excitation is required. But the induction 
istics of the synchronous machine com- quiring d-c excitation through slip rings motor’s speed changes with load and 
bined with the low first cost, rugged usually supplied by a generator. Thi oltage. In fact, two induction motor 
construction and simplicity of mainte complex mechanical construction has vill rarely operate at exactly the same 
nance of the induction motor. Increased limited synchronous motors to applica peed, even when operated on identical 
ise of automatic machinery during the tions above 40 hp voltage and frequencies and driving 
past few years has made this need more The polyphase induction motor ha identical load 
apparent than ever i more rugged construction, particular! Several attempts have been made to 
The conventional svnchronous motor in the rotor, whose windings are usuall produce economical synchronous motors 
the small horsepower ranges. The 
tablished type is the reluctance motors 
recently the permanent magnet 
us motor has appeared in inte 


izes.*® and last month the Alli 


> lo meet the challenge of synchronous operation in the lower integral ia mers Manufacturing Co., Norwood 
horsepower range, consulting engineer F. W. Merrill proposed the permasyn Works, introduced the Synduction mo 
motor in his article “Characteristics of Permanent-Magnet-Synchronous Motors, tor described a i “hybrid’ 
Evecrrican MaNnuracturine, Jan. 1956, p. 88 Sut the older reluctance-type hronoue-induction motor 
motor has not yet yielded. Here is a new variation of the synchrononu In essence the Synduction motor i 
reluctance motor to return the challenge 





sodrature 


hig. 2 -Stepeut rotor lamination for a 
conventional reluctance motor This i 
derived from standard induction motor big. 3 Pictorial representation of (A) 


punching flux for a rotating salient pole machine 


direct-axis flux and (B) quadrature-axis 


Bi high-relue 


big. | Simplified patent sketches of Synduction motor rotor showing (A) low-reluctance direet-axis flux path 


tance quadrature-axi« Mus path and (C0) die-cast squirrel cage construction 


direct’ evolution of the conventional into synchronism. However, this) syn 


reluctance motor it has an induction chronous operation can be maintained 
motor stator with a die-cast salient-pole up to only a litthe over half the horse 

rotor, as shown dismantled in Fig. | power capacity of the parent induction 
The kev to the new design is in the motor before the torque overcomes the 
construction of the rotor = will be attraction of the salient poles to cause 


discussed the motor to pull out of synchronism 
| 


Conventional Reluctance Motors. ‘| Consequently a much larger frame size 


ichieve synchronous operation, conven is required for a conventional reluctance 


tional reluctance motors use a rotor con motor to be equiy ilently rated te i 


truction of induction motor laminations quirrel-cage induction motor 
with portions of the iron cut out sym Motor designers can show mathe 
metrically around the periphery is matically that this horsepower limiting 


hown on hiv 2 This separates the pull-out torque is a function of direct 


quirrel cue windings inte Lroups le its and quad iture-aXxt- reactance. 


form salient pole which exert consid These in turn are functions direct 
erable attractive force on the. stator ixis flux and quadrature-axis flux. As 
pole Under proper conditions of slip may be seen in Fig. 3. direct-axis flux 
ind inertia. this foree will pull the rotor is the flux passing from stator pole to 
stator pole through the salient poles of 
the rotor, Quadrature-axis flux is the 
flux from stator pole to. stator pole 
through the cut-out portions of the rotor 


big. 5 Speedtorque curves for Synduc The fundamental equation for pull 





tion motor at three diflerent frequencies 


out torque for a salient-pole machine 
hp: 240/614 volts; | 


Rating 2.07/00. 





65> eveles: 6601950 rpm: rotor 


) 
inertia, O.09 Ib ft load inertia, 0.2 Ib Pull-out torque 


it or 2.2 times that of rotor 














we 


Fig 6 Fig. 7 


hig 0 Performance curves tor 1'4-hp motor showing synehronou 


characteristics up to pullout where it) slips into induction 
motor operation, Fig. 7 Same for 10-hp motor 


Table !—Typical Synduction Motor Characteristics Table t!—-Comparison of Typical Motors 
(All ratings given for 60 cycles) (20 hp, 1800 rpm, 60 cycles, 3-phase) 


Pull-out torque Full-load Full-load 


Synchronou 
Hop rating No. poles full load efficiency, power factor 


motor Squirrel 
Synduc cage in 
210 58 61 100 80 tion duction Reluctance 


181 7 53 PF PF motor motor motor 
189 70 


190 78 54 Efficiency, 88 87 8H 6H 79 
Power factor, 100 80° 60 88} 38 
176 ° 57 Pull-out torque, 150 200 175 150 
187 56 Pull-in torque", ‘ 110 125 120 80 100 
166 62 Locked-rotor torque 110 125 280 150 ' 400 
163 61 Locked-rotor current, amp 675 600 975 575 1050 


Where A is a constant and a, and wa are In facet. all the aluminum conductor if the load inertia 1 within desigs 


quadrature reactance and direct — re ire die-cast in a single operation, The limits. the motor speed quickly rises to 


wlance respectively. Limiting x, then quirrel cage is 


r 


conventionally com nehronism 
is the key to increasing pull-out torque pleted at both ends by cast aluminum \ttes weeleration. a in induction 


ind permitting a higher rating for i collector rings with integral fan blade 


motor, the unit runs at constant speed 
viven size motor i shown in Fig 


x 4 regardle of load or voltage, provided 
Synduction Motor Construction. |'}\« The radial slots magnetically plit the pullout point is not exceeded, and 
design of the synduetion motor limit the salient poles, but still provide a the supply ftrequene is held constant 
the quadrature-axis flux with a high low-reluctance path for the 


direct ixi Bevond pull-out the motor runs i 
reluctance path through the rotor while flux. as « he se 


en in A of Fig. 4 quirreleage induction motor slip 3 
maintaining a low reluctance path for But the quadrature-axis flux i 


limited present and the peed decreas with 
he direct-axis flux. Figure 4 shows the by the high reluctance of the 


quadra load lhe motor 4 not designed to 
iew rotor design, as taken from U.S ture-axis slots, radial slot ind shaft 


Patent No. 2.733.362 Jan s] 1956 leeve kig Li. The net 
While this is not an actual motor draw higher pull-out 


perate beyond the pull-out point 
result i i muet speed-torque curve for a 2.07/0.526 


torque than would be hp motor at widely different frequency 


ing. it should suthee to enable the motor possible from the same size conventional ire hown in kig » Here the load 


) 


iser lw understand the Synduction reluctance motor 


mertia tire that of the motor 


motors performance Performance The Svnduction motor otor. For the three trequenci hown 


Instead of single piece construction tarts and accelerates in the manner thie putbear torque average ibout 100 


the iron laminations are segmented as of an induction motor with perhap per cent. Table | indicates the range of 


well as notched. The se yinents are then lightly more tendency towards « oveing lu that ma be ¢ K pect ad tor pull 


parated by high-reluctance non This does not produce any undue diff ut torque Thi tlue can be id 


manitests itself a justed by design, but it average about 
magnetically insulated by a4 non-mag i little more noise during the 


magnetic aluminum Phe haft is also culties and usually 


tarting 175 to 200 per cent of rated torque 
netic sleeve. The quadrature-axis slots period than a good quiet induetior Motor efficiencies and power factors at 


carried over from conventional reluc motor. The rotor, with the aid of induc full-load are also shown in Table I 


lance motors are filled with die cast tion motor torque, 1 wecelerated to a igure 6 and 7 how curve 


iluminum, as are the winding slots speed just below synchronism. Then ( 


j 
itis 


eedaeenahenaia titan kinkaenndhcene taeda ieee 
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F.O. Date Cust | 


Quantity Frome - stock spec Serial Nos 


Description and factory note 


Received Engg Date 


Delivery promise Schedule 


Reschedule 


Actual 
Copy to: (deliver by mail as circled) 
Mr. Patersor 
Mr. Poulin 


Mr. Dresct 


Note schedule 
Prelim. info 

Method into 
Purchase info 


See att. sheet for more details 


is tlem requires 


To Draft 


Order Clerk 


Dantorth Mr. Yates 


Stoeckle Mr. Conrad 


Remorks 
No new ports 

New E.S 

New specs 

New dwgs 

New patterns, etc 


New tools 


Scheduling Orders 
in an Engineering Department 


H. B. FUGE, Professional Engineer 
Dirnut Manuracturine COMPANY 
Somerville, N j 


SCHEDULING IS PRIMARILY INTENDED to 
guide the flow of work so as to make 
most efficient use of the man-hours avail 
able. In addition, scheduling enables 
progress of work moving through an 
organization to be checked. Similar prin 
ciples can be applied to scheduling 
work through an engineering depart 
ment 

In seeking to initiate a scheduling 
system without increasing per onnel for 
that purpose, the entire order handling 
routine first was reviewed at Diehl in an 
attempt to streamline its operation. In 
handling a factory order, the engineer 
ing department normally performed cer 
tain functions both for its own benefit 
and for that of the factory organization 


Factory orders that passed through the 
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department were formerly recorded on 


both sides of a 3 x 5 card to provide a 


permanent record of the passage of 
each factory order 

If a factory order requires a great 
deal of engineering work, and yet there 
are certain materials and parts which 
may he ordered ahead of time, a pre 
liminary information sheet was issued 
to the factory for that purpose. In the 
case of factory orders requiring mechan- 
ical parts, the factory organization was 
issued a methods information sheet 
which details the new parts required so 
that tools, jigs, and fixtures may be pro 
vided. More often it merely confirms to 
the methods department that no new 
parts are required. In each of these 


cases, the factory order number, the 
customer, the quantity, frame and stock 
specification, description, and factory 
note were typed as a heading. 


lo streamline the operation, a new 


Mittasch Mr. Parish 


Factory order (3 copies) 


See also other side 


record card, Fig. 1, was devised in the 
form of an imprinted spirit duplicator 
master on which is recorded the date a 
factory order was entered, customer 
name, factory order number, item num 
ber, quantity, frame or stock specifica- 
tion, serial numbers, description and 
factory note, and remarks which may 
aid in performing the necessary work on 
the order. In the middle of the card is 
recorded the date the order was re- 
ceived in the engineering department, 
the delivery promise, and the schedule 
dates on which the order is slated to go 
to the analysis section, to the engineer 
involved, to drafting, to specification, 
and to production. This information 
becomes the primary record of factory 
order work in the department. It is 
typed once as the order enters the 
department. Then for the various func- 
tions of permanent record, preliminary 


information and methods information, a 
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ed er 


Ealainaiehntchaaskdaninace tied eae 


MR. PARISH CARD NO. 395 


GREEN PIN 
SENT TO PRODUCTION 


ON A 
date initials 
INSTRUCTIONS TO 
SPEC. SECTION HEAD 


When this F.O. is sent to Mr. Mittasch 
for Production Dept., please fil in date 
and your initials and mail to Mr. Parish 


CARD NO. 395 
BLUE PIN 


MR. PARISH 


SENT TO SPECIFICATION 


ON 
date initials 

INSTRUCTIONS TO 
DRAFTING SECTION HEAD 

When this F.O. is sent to Drafting 
Specification Department, please fill in 
date and your initials, tear off, and 
mail to Mr. Parish 


MR. PARISH CARD NO 


RED PIN 
SENT TO DRAFTING 


ON 
date initials 
INSTRUCTIONS TO ENGINEER 
When this F.O. is sent to Mr. Mittasch 
for Drafting, please fill in date and your 
initials, tear off, and mail to Mr. Parish 


MR. PARISH CARD NO 
YELLOW PIN 


SENT TO ENGINEER 


date initials 
INSTRUCTIONS TO ANALYSIS GROUP 
When this FO. is sent to Engineer 


please fill in date and your initials, tea 
off, and mail to Mr. Parish 


Fig. 2--Transit tickets used to report 


completion of job functions. (Actual size, 
4 in. wide.) 


spirit copy is made, thus eliminating 16 
places where information had to be 
typed repetitively from the original 
factory order. 

When a factory order is received in 
the engineering department, it is routed 
to the dispatcher who reviews the work 
required and determines the dates on 
which that order must move through the 
various functions of the department 
At the same time, the analyst may add 
certain notes to aid the engineer in com- 
pleting the work. 

A typist then completes the record 
card, and makes the required number of 
copies on the duplicating machine. One 
copy is sent to the order clerk to ad 
vise the date the order is scheduled to 
production, a second copy is sent to the 
factory superintendent showing engi 
neering’s schedule promise, a third copy 
goes to the order analyst as a perma 
nent record. He records the actual date 





ORDER SCHEDULE PEG BOARD 


J week 


4th week ‘ oth week 


00 o(G@)o 00000 
lo production 


pecificotion 


rom engineer to dr iffsman 


Fig. 3--Order schedule peg board uses string and color symbol 
pegs. Transit of order shown in three stages of completion. 


of each scheduled step, as well as re 
marks and copies of any engineering 
instruction sheets issued on the order 
A card for the dispatcher is kept tem 
porarily so that the schedule may be 
checked at intervals, and finally, a card 
remains with the factory order so that 
each person handling the order may 
know the dates on which he is expected 
to perform his function. 

In the case of orders requiring new 
mechanical parts, additional copies are 
sent immediately to the methods depart 
ment and the purchasing department as 
preliminary information, with additional 
extra copies traveling with the factory 
order so that this card may be used as 
the heading for the normal methods 
information sent out when the order is 
engineered. To aid in distributing these 
cards, the names of the people involved 
are written on the card, and it is simply 
necessary for the dispatcher to circle 
the name of the next person involved 
and drop it in the mail basket. At the 
same time he checks the appropriate box 
in the lower left-hand corner of the 
card to indicate whether it is prelimi 
nary information, noting schedule, per 
haps methods information or purchasing 
information, and to indicate whether 
additional remarks may be found on an 
attached sheet of paper. There is also 
space for indicating whether the item 
requires no new parts, new engineering 
specs., new general specs., new draw 


ings, new patterns, new tools, etc, 


Keeping Track of the 
Order Progress 


A system of communication between 
the department at large and the dis 
patcher has been set up to eliminate the 
necessity ol maintaining 4 constant per 
onal check on the progress of work 
lo accomplish this, each factory order 
is assigned a transit number, and along 
with each order a series of four transit 
tickets, Fig. 2, 
progress of the order. As each step is 
completed, the 


serves to advise the 


person completing the 
step dates and initials the transit ticket, 
tears it off, and mails it to the dis- 
patcher. In this manner, the dispatcher 
is always assured of an up-to-date order 
progress record and at the same time 
the people in the department are spared 
a constant barrage of questions from 
the dispatcher concerning the progress 
of their work 

The transit tickets are clipped to the 
dispatcher’s copy of the record card 
A quick check of the dispatcher’s cards 
highlights the orders behind schedule 
and assures immediate personal atten 
tion. If an order falls behind schedule 
for reasons beyond control, it is ré 
scheduled, using the same duplicating 
master, and new cards are issued ae 
hefore 


Schedule Peg Board 


lo simplify checking, order 
iled to remain over two weeks before 


(Continued on ge 200 
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DESIGN TRENDS 


Special Motor Supersedes All-Purpose Design 


LL. 1, KAY f to meet the demand in the forms de of the old = desigi in service has 
\ppliar ired. For this reason, the principal been retained in the new motor. This 
design objectives included the elimin design uses a tin-aluminum alloy bear 


bs uate ition of waste materials and the most ing which is fed in the center with oil 


ponent desig knowledue efficient use of these critical material through a saturated felt wick X-groove: 


’ } i - ~_s 
turing methods over the bi 2 shows a cross-sectional view of carry oil in both directions to assure 


ecades, practically all appli the new motor design. Both end shell adequate lubrication of the entire bear 


in-use are modifica ire die cast aluminum of flat construc ing as well as to provide flood lubrica 


# W-purpose motes tion, The rabbet (at the periphery of tion of the thrust surface The oil 


thre hell where it contacts the rolled reservoir is filled with wool packing 


than ) eur “uuo lo 


improve th a iets! aiecat teel frame) has been moved to more saturated with 22 ce of oil. This amount 


tional-hp motor. Fi thew -mnene’ nearly line up with a radial line through of oil has been determined to be de 


been made available by the General the bearing so as to minimize mis sirable for meeting the rigid life and 


hlectric Company for use on home tlignment of the bearing and journal performance requirements of the ap 


lauods md electric ink ipplianes If the bearings were placed outboard pliances named 


Mia naad for the new motor waa heleht of this line by some distance, any mis The electromagnet component 
’ 


ened by the increase in the variety of ilignment between end — shell ind have been completely redesigned t 


uch appliances and the radical change frame would be increased in propor use the most efficient ratio of conductor 


in them) basic design as well as in tion to this distance. Strong radial rib to iron consistent with the best manu 


idly support the bearing housing 


¥ 


power requirement facturing methods and processes. More 


— issembl eficient use of material is obtained 


In recent vear tine font copper 


el ‘aiueciva Inave hoon arowie cael Phe lubrication tem, whieh has with a “square” lamination which al 


ippl hn not. alwar Lenn a been proved in many millions of motor lows the use of a strip cut to the exact 


| ig l New ipplianes motor tt ‘| per “ ty RRA NAAAE — 


cemt lighter than) previeu model of aoe 


shows relative positions of rabbet and 
has been reduced, larger terminal box bearing In effect, bearing is the pivet point of the end shell diameter so that 


simplifies the making of connections cocking of the shell has litthe efleet on bearing alignment 


equivalent) rating Although motor size big. 2. Section through motor frame 
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dth across flats. Thus, there is no polyester film slot liners are glass wire onvenience tor the appliance manu 


rap at the sides of the punching, as insulation on the tart windings of etur hy not been overlooked i 
the case with round punchings. In split-phase motors and a complete in ippliance motors 


iddition. the electrical character . sulating varnish treatment which ri to the motor on the assem 


ft the design are such that either « idly holds the windings in place and bly lin nd in field service have been 


vo oaluminum magnet wire may seals them against moisture \ col m by means of a larger tet 


ed to assure i continuou supply 0 ored pigment is idded to the insulation minal te The 64 


per cent increase it 
regardless of temporary short varnish to obtain the outside finish for 


illows greater pacing 


ves of either metal the motor t " ind more accessibility tor 


The insulation svstem received cor The ventilation vstem ot tne new ! 5 connections liser conversion 


iderable attention from the designers line is the double-end system used on o the new design has been simplitred 


Besides having sutheient dielectric the previous design However by 


ing the mounting of the new 
trength. an insulation should be tough vreatly improving the air flow design { completely 


interchangeable with 


ind strong to withstand winding pres ) per cent more air flows through the hat of the old. Overall length of the 
ires and shop handling and be im new motor than the old Appliance mo w motor 4 » In horter than the 


ervious to moisture and other atmos tors, because of their large diameter id motor and comparable ratings are 


theric conditions. The new line of to-length ratio, ¢ be cooled more ippreciably lighter in weight. For ex 


ippliance motors uses a polyester film efheiently from the end turn Lower imple 1 motor which 


weighed 16.5 
liner. This insulation has already ir velocity creates less hazard of dirt Ib the old de 


het 


sign weighs only 12.6 


sroved in other types of motors that and lint contamination inside the motor lb in the new. The advantage to the 


neets and exceeds all requirement than with through ventilation and the 


ipplianee manufacturer in ease of han 
home-laundry and electric-sink ap resultant high velocity 


{ ol entilatin dlin lower shipping costs and reduc 


plance motors. Combined with the iit on in mounting space is readily ap 


New Design Extends Transductor Application 


W \. DERR addition of 


an output transformer be characteristics and zero 
5 tent / i ne Department 


output 


‘ mas 


1 (HAM 


tween the reactors and the output ree ith zero input, Fig. 4 


tifiers, Fig. 3. Addition of the trans Ke to the cireuit is the non-linear 
Department 


former result in essentially linear haracteristt ol the transtormer if 
( CORPORATIO 


SMALL VOLTAGE and current transduc 
tors have been employed in industrial 
railway and mining equipment control 
for several years. Essentially they are 
simple magnetic amplifiers, Fig. 1, 


functioning a d-c instrument trans 


ormers Transductors are connected 


to shunts or in parallel with a section 


ol i bus for d-e current indication 


ind directly across a d-e potential for Fig. 1— Basie transductor for d-c measure Fig. 3--B 


Sasic «transductor§ cireuit§ with 
oltage indication, thereby providing 


ments consists of two. series-connected output transformer utilizing transductor 
olation of instrument and control saturable reactors with rectified ae out 


magnetizing current for transtormer 
ireuit from d-c potentials of 300 put proportional to de 


miput ccitation 


olt ind above 

However, their applic ition has been 
limited. Basic transductors are non 
linear at low inputs with an appreciable 
ulput at zero input due to reactor 
magnetizing current, Fig. 2. Linearity 
through zero ha beer possible by 
push-pull arrangement of two basi 
transductor But this elaborate cir 
uit primarily used for polarity 
sitivity applications, requires an end 
(instrument oc.) with two 
ite windings or a single winding 

device to avoid non-linearity 
new transductor circuit eliminates 
undesirable characteristic im 
application and makes new ap 


plications feasible The circuitry is that f 
rf hast educto KA 0 
i basi transdu r except for the hig. 4 Diverting transductor magnetiz 


hig yd Magnetizing current drawn by ing current to transtormer excitation 


reactors of basic transductor causes non provides linear output with zero output 


linear output at low values of d-e input i zero input 
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LL 


low urrent. The transductors till pro 
vide magnetizing current at zero in 
put. But the transformer i 


© that the 


designed 
transductor magnetizing 
urrent 18 just uflicient to excite the 
transiormer 

Actually, the exciting current does 
induce a low voltage in the secondary 


winding. If the rectifiers were theoreti 


cally perfect, an appreciable output 


would result. But practically, rectifiers 
ure not linear at low voltages and the 
output is negligible 

Io simplify manufacturing and test 
ing procedures, no attempt is made 
to have an exact transductor output 
for a particular input. Instead a cal 
ibrating resistor assembly provided 
with each transductor, Fig ». A vari 
ible resistor is the only adjustment 


required to give the desired output 


lor i particular instrumentation or 


ontrol application 


tent vO 


[> 


a — 
a 
{46 


Fig 5—Calibrating 


; 
~« crc 


; 
ls | 
yY 

! 


4 


resistor assembly 
permits matching transductor to partico 


lar instrumentation or control application 


High Voltage Switch Utilizes Aluminum Components 


1O DEVELOP PRA gineering de 


sign in view of the pre ind probable 
ontinuing advantages ¢ t and avail 
ibility of aluminum copper, an 
experime ntal high voltag witch, utiliz 
ing aluminum in it it 
na heen de igned b thie 

ir Division bederal 

Kated at 115 k ind 

ig experimental single 

nit on 
tructural ection 

rank levels and inter-tie rod 
near the base are of aluminum material 
lop hardware is provided by aluminum 
istings and the switch blade is con 
tructed of annealed aluminum tubing 
with flattened ends 
ind bolts 


of aluminum alloy 24S T4 and weld 


Assembly is made with nut 


ment ire made b the Heliare method 


ay 


Other aluminum materials used include 
wrought members of 61S T6 alloy and 
astings of 356 T6 alloy 
Copper and copper illoys are retained 
for flexible conductor it top, contact 
prings and clip contact shoes. Tongue 


ontacts have silver inserts brazed t 


opper pads, which are soldered to the 
flattened end of the 
telatively large area 


copper-plated 
alumu ulhn blade 
of the soldered contact assures low cur 
rent density at the copper-aluminum 
joint 

Connections between flexible copper 
conductors and aluminum hinge cast 
ings are made by means of copper 
aluminum bimetals. Except for switch 
contacts, “No-Ox-Id” is liberally applied 
to screw threads and all electrical 
transier points 


Benefits aluminum 


obtained from 
structural design, according to Pacifi 
Switchgear, are the appreciable weight 
reduction, far more attractive appear 


ance, and economic ad 


significant 
vantages because of the greater avail 


ibility and lower cost of aluminum 


Bifilar Suspension Overcomes Friction in Meter 


Pik INHERENT FRICTION of the mechar 
il oil pivot ha been a 
limiting the accurac ot an 
of the D’Arsonval tyy 
ome these deficiencie i 
ispension system has beer 
Greibach Instrument 
hen N J that use 
ISPensior technigq it 
worted in this manner 
perate with extremel 
the coil axis in 
leveling by using 
rot more than 
in axial te 


an the 


Creibach 
pring upply a 
ixial direction, and 
intilever type thes 
relatively large cro 


eult thre ire ver 


ind nee idjustment of 
iffecter 
difference 


bxploded view 


ot bifilar suspension 


nade to operate with a high degree ot 


cura without requiring extreme 


nanulacturimg 


precision Since the 


pring arrangement ts extremely rigid 


system for an indicating meter 





in the radial direction, precise adjust vithout mechanical tapping. Also, the 
ment of the tensioning forces and fine l-wire suspension allows the use of a 
full-scale adjustment of the movement nulti-tapped coil or differential wind- 
are readily obtainable ngs, eliminating the necessity of a uni 

As illustrated in the diagram the a ersal shunt when used as a 3-range 
moving coil A is suspe nded and fastened nultimeter 


to the taut bifilar wires B which are Klimination of power loss normally 


n turn, anchored to the tensioned spiral ne ised by range resistors In conven 


lisk springs c The bifilar wires are ; pee meters 


| s accomplished by 


Hexed in their parallel alignment as the ise of the wire suspension as leads 


oil rotates in the magnetic field created vr the coil. The high full-scale sensi 


by pole pieces D and centerpiece EF, u " ° tivity in combination with low coil re 


response to the torque produced by the . tance makes the movement particu 


urrent flow. Meanwhile, the two spira : irly adaptable where very small values 


lisk springs are deflected from thei ; ire involved. At | microamp full scale 
normal plane towards one another only ensitivity the coil resistance is only 
is the bifilar suspension flexes. Wher 100 ohms, while comparable conven 
urrent ceases to flow in the coil. the tional meters having a full scale sensi 


springs exert the required tension t Greibach megohmeter using bifilar sus ivity of 5 microamp have a coil resist 


bring the wires back to parallel align pension svstem of 5000 ohms. Thus, about Moth 


ment. This determines the zero position the energy is required and the sensi 


f the coil. The positioning does not tivity is five times that of the conven 


hange after the factory tension adjust- springs. Full ile sensitivities up t tional movement. When it is desirable 


ment on the wires. Most of the energy 1 micro-amp are easily attained. Ab the pointer may be replaced with a 


due to the deflection of the coil is sence of friction permits reading in mall mirror to reflect a light beam 


stored in the relatively large tensior rements tf O.1 per cent v= better 


Projection Lamp Mounts Horizontally 


ONE OF THE CHIEF BARRIERS to the de | 
} 
i 
| 


sign of a truly portable motion picture 
projector has been the necessity for 


an ti awn | Movable Heating Elements 


vertical, base down position. Engineers o 
f Sylvania Electric Products Inc. may Control Broiler Temperatures 
have broken through this barrier with 
the development of a new lamp and A CAM AND LEVER LINKAGI controlling the lateral movement of 
socket tasked under the name Tre the heating elements permits a wide range of temperature contro] 
Focus and embodying principles suit in a new vertical broiler introduced by the Gibson Refrigerator 
ing it for mounting in the horizontal Co., Greenville, Mich. in its new line of electric ranges. Lateral 
position idjustment is made by the plastic knob at the right front of the 

In the past, three factors have made init to vary the distance from the two 1800-watt heating elements 
the use of a horizontal tube impractical to the meat suspended in the center. Pan below the broiler and 
These were: The blackening effect of lisposable aluminum foil side protect the unit from grease 
burned filament particles collecting on splatter. Entire unit plugs inte the oven heating receptacle and 
the glass envelope; loosening of the is operated by the oven temperature control 
tube under vibration; and maintaining 
ritical pre-focused dimensions betwee 
the lamp and the remainder of the 
iptical system 

Sylvania has attacked the first prob 
lem by applying an old principle in a 
new direction. Conventional projection 
lamps are designed with opaque domes 
to absorb and carry off the intense heat 
leveloped by the lamp. In addition 
imp blackening particles liberated 
from the filament are drawn by convec 
ion to the area of higher temperature 
it the dome, where they collect without 
larkening the remainder of the en 
elope. When mounted in a horizontal 
position however, the particles 


ijrawn to the relatively hotter 





of the tube where they collect and 
in opaque film. lowering the effi 
f the lamp 


cording to Sylvania engineers, this 





problem has been sol ed hy placing 
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DESIGN TRENDS 


igned 
ite than the sur 
equently it becomes he 
is the lamp blackeni 
end to collect on the rid inete 
envelope, With the 


ollector rid the lite of the 


iddition 
lamp is reported] is high 
ial lamp mount 
ihion 
Lhe second feature of the 
lance to loosenin in 
hock and vibration 
iture i socket has lee 
die-lormed, tempered 
per heh prip the 


ertior mito the 


the under sprir 


Film Printing Lamp 


WITH THE GREATLY INCREASED 1 AGE of 
motion picture film due mainly to tele 
rior filin producer were faced with 
the problem olf increasing their film 
printing facilities at a very considerable 
expense, or increasing the capacity of 
the present equipment, One olution wae 
to design a lamp of greater brightne 

to shorten the exposure time of each 
frame and thereby increase the printing 
peed lhe anewer wa found in a new 
lamp developed by the Lighting Division 
bleetric Produet Tine 


Basicall thie lamp known as the RI 


of Sylvania 


lamp, use i high temperature light 
emitting disk into which radio frequen \ 
mduction Lhe di k j 


made of tantalum carbide and heated 


power | fed ly 


oa temperature of ipproximatel 00 
mich hotter than incandescent lamp 

ire normally operated 
The construction of the lamp is illus 
trated by the photograph and drawing 
lhe light emitting tantalum = carbide 
larget is mounted on a zirconium oxide 
rod located in the center of the lamp 
A split copper cylinder, called the con 
eentrator l used to concentrate the 
{ power in the tantalum carbide target 
It receive il energy from a tubular 
coil outside the glass envelope that is 
connected to the r-{ powe! upply 
The power upply consist ot ar 


oscillator and a variable d-c voltage 


ourcee The assigned frequency j on) 


megacyvele The assembly is enclosed 


within a glass envelope containing argon 
it a pressure ol itmospheres, Th argon 
is used to prevent vaporization of the 
tantalum carbide, Because of it mall 


physical size in. diam, and the 
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Projection lamp 


ocket 


pring fingers are nickel 
it corrosion Base eon 


mated tor panned eles 


ed center pin formed 
the lamp hase imilar to that used 
octal base electron tube pre focu 


ool the lamp possible \ projector 


with blackening-particle-collection grid and spring retainer keyed 


{ 


an be relamped without the need © 


re-focusing the system 


Other features of the Sylvania product 


include reduced overall dimensions 


stronger tungsten filaments to resist 


og 
ag 


ng, ignition glass bridge supports 


gi 
visible built-in fuses, and a ceramic top 


honded le the vl is8 enve lope 


Lighted by R-F Power 


Ri lamp showing small tantalum carbide 
target which is heated by induction to 


incandescent temperatures 


concentration of power within it, the 
refractory disk is heated to a very high 
temperature. Much of the heat pro 
duced within the lamp l removed by 
means of water passing through cooling 
tubes attached to the concentrator, Thus 
the lamp operates at a much lower 
temperature throughout the major por 


tion of its 


tructure and transfers much 
le heat than i conventional lamp 
would to its immediate surroundings 
In film printing equipment it is im 
portant that the source be of uniform 
brightne throughout its area because 


source 1s directed im 


pate With the 


an image of the 
mediately onto the film 
refractory target, the brightness across 

e is uniform within 5 per cent 
because of the solid 


po sible 


ontrasted with the coiled wire 


filament of the incandescent lamp. In 


i 16-mm = projector application 2000 
screen lumens were obtained, compared 
to 800 with a conventional 1O000-watt 
bi-plane projection lamp 

Although the RF lamp is not as bright 
is a carbon are, its uniformity and 
stability. as well as the lack of fumes 
make it well adapted for use in film 


When operated at 


i brightness level that allows im um 


printing equipment 


provement in printing speed by a factor 


of eight over a 1000-watt bi-plane in 


Light emitting 
fontolum carbide forget ~ 


Optically flat 
Ar gon Zorn 


Induction heot. ng 


concentrator 


5 enve/ope 


Diagram showing arrangements of parts 
in RF lamp and the 
power supply 


radio frequency 
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g> " Bost Suse" tor 


HIGH TEMPERATURES 


SERVICE 


CARDS 


PRECEDING BACK COVER 


VARGLAS SILICONE 


CLASS H 
TUBING and SLEEVING 


for applications requiring prolonged heat endurance at 


temperatures up to 260°C. 


Varglas Silicone tubing and sleeving were developed by Varflex for 


applications involving Continuous operating temperatures up to 260° ¢ 


Exceptional stability is combined with the following qualities . . 


Flexibility 


cause no cracking or peeling 


sharp turns and 90° bends 
no loss 


of dielectric strength 


Dielectrically-Strong 
form to NEMA and MIL-1-3190 standards 


All grades con 


Moisture-Resistant 


ance to 


including resist 


salt water, mild alkalis and 


acids 


Flame-Resistant — Standard 


test is 45 seconds to burn 1 


burning 


inch. Can 


Send for FREE SAMPLES 


Mail coupon today for free folder 
containing 25 different test samples 
tub 


of Varflex 
ing, lead wire and tying cord 


insulating sleeving, 


be made self-extinguishing on special 


order 


Cold-Resistant 


chafing 


nS” G.* 


Excellent resistance to 


and abrasion, flexible to 


65°C, and 


for applications requiring extraordinary 


"For temperatures down to 
flexibility, we recommend our new Var 
glas Silicone Rubber sleeving and tub 


ing. Inquiries invited 


+ ces Cow meten © sasnis meer 


i 


(i 





DESIGN TRENDS I hae improvement in printing speed 


is not all due to the brightness of the 
lamp. The uniformity of brightness in 
the disk is a factor in that it permit 
more efhcient use of the light in the 
andescent lamp, the KF lamp has a life 
of about 100 hr, considered 
for thi 


spine al system Also it color tem 


satisfactor perature of 3700 K considerably 


application higher than that of incandescent 


Barrel Serves Cut Wires to Assembler 


k A WINKOWSKI Wired Assemblies 
GENERAL Evecraic Co., Burlington, Vermont 


THE NECESSITY OF INSTALLING 210 


f 
y 


wires, ranging in length from 5 to 36 
in., in an autopilot amplifier posed a 
problem in handling this quantity of 
wires without necessitating the opera 
tor to reach long distances for her sup 


ply Dhis 


devising a wire holder from a barrel 


difleulty was overcome by 
type cardboard container. Holes | in 


in diam were drilled in pair temati 


‘ 


ally around the container, which ij 


mounted on a turntable. Circuit num 


mr 


bers were stamped below each pair of 


to the circuit num 


hole corre ponding 
bers of the wire The numbers were 


arranged to put the wires in the correct 


a 


order of assembly starting at the top 
of the “Wire 
down, left to right 


The barrel hold 


40 amplifiers at one loading. To load 
I 


Barrel ind = working 


ee 


a 


BEES Ee ee 


ulheient wire for 


eRe ee 


7 

& 

” 
” 


the two ends of a group of wires are 
inserted into a pair of hol leay 
expo ed Wire 
pulled out from the 


the midsection 
midse etion 


needed 


Serrated Prong Holds Plastics Parts 


MATING PLASTICS PAKI , ach de ‘ TL coo ished by placiny 


‘ mall lamp socket wire idapter i i | var o half of the 
and cube tri-tap wre held) together ) rT 0 ron of the 
means of a multi-purpose hb lastenin iitable 
part designed by engineers « , blind econd of the 
Electric Manufacturing ¢ OMmpany ol 1 4 | a ) position ov the 
Island City, N. Y. A typical socket and o th other prong the 


its component part Th 1 i ! ‘ evict ‘ ven inte 
l The part Consist « ‘ ‘ i 0 | eds ot sothe 
body piece lamp receptacl! id one { ning « rT rrated and the 
prong, on-off switch, fiber wa id nn ’ that when the 
a multi-purpose part The holding prong 1 t nto the hole, it 
shown in Fig ’ form th ‘ ! holds with a driv ni ions must 
prong the contact for the m ly vw held within « The plastics 


and the holding 


UT pose molding compound ire used 
i I t 


device , ral hell mitist 
for the plastic part Dures phenolic 


for brown colored part Americal 
Cyanamid’s Beetle urea formaldehyde 
Plaskon urea torm 


aldehyde for pink and blue 


Fig. | This socket is held together by 
for ivory and 
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serrated prongs driven into holes in the 


lamp. More of the light is in the blue 
end of the spectrum and this overcomes 
to a large extent one of the shortcomings 
in attaining high printing speed. By 
using RF lamp, the printing speed is 
now limited by factors 
rather than the amount of light avail 


able 


mechanical 
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THEY CAME 


THEY SAW AT THE I. R. E. SHOW 


THEY SAID... WHAT! ONLY $7.50 EACH? 


1’ AMPERE CONTACTS FoR 115 VOLTS, NON-INDUCTIVE! 


GUARDIAN S$ 


GUARDIAN «<..-0<. STEPPERS 


Only Guardian Stepping Relays offer so much control at such low cost. Write for special 


12-page Stepping Relay Catalog P-84. Compare your most rigid requirements with 
specifications listed for: sequence selecting, counting, programming, pulse multi- 
plying, latching, automatic homing, remote homing, pulse dividing, electrical 
resetting, slave and master sets, continuous rotation, add and subtract and 
many other types. See how much you can save by specifying GUARDIAN STEPPERS 


- 
Lute FOR SPECIFIC ENGINEERING RECOMMENDATIONS FOR YOUR APPLICATIONS 


GUARDIAN @ELECTRIC 


1627-F W. WALNUT STREET CHICAGO 172, ILLINOIS 


- ‘ Ont eiCaen 
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DESIGN TRENDS 


LS 


hig. 2 Multi-purpo e¢ part having 
rated prong to hold plastics shell 


its elawiic limit, nor 


hould the holding 
prong be loose Kagle report that 
plastic part held together in’ thi 
fashion will withstand a load of more 
than 75 |b. They also report a cost 


ol about 10 per cent 


A MANUFACTURER OF CRANE MOTORS is 
using a Dillon traction type dynamometer 
in controlling tension of banding wire on 
the armature of dec motors In the opera 
tion pictured, the moving wire Passes 
over a lower and un tipper pulley w hie h 
act as guides Midway between, the wire 
Passes over a center pulley which is in 
turn connected to the indicating dy 
namometer, On a decreasing load, tension, 
against the center pulley drops. By watch 
ing the dynamometer readings, the 
operator is able to produce uniform work 


with a minimum of rejections. The dyam- 
ometetr is equipped with a red = maxi- 
mum pointer and a manual reset. Load is 


applied through standard shackles and 
pins 
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‘Ferris Wheel’’ Brings Work To Workers 


VERTICAL PARTS BINS, moved up or 
down by operators by flip of a switch 
speed assembly of military electronic 
units and save floor space at General 
Flectrie’s Light) Military Electronic 
Equipment Department, Utiea, N.Y 
The bin system was developed for spe 
cifie needs of job-lot military electronics 
assembly operations Operators place 
operators instead of their having to 


move to different benches for varied 


assembly operations. Operators place 
components ino printed wiring boards 
which later are dip soldered for use 
in radar, navigation and other equip 
ment. The “ferris wheel.” with 3000 
individual bins, occupies 150 sq ft of 
floor space. Conventional work benches 
with fixed, stacked bins would take uy 
about 900 sq. ft. Between 50 and 60 
job set-ups are carried in each of the 


five section 


Aluminum Warning Light Designed 
for Corrosion Resistance 


ALUMINUM IS USED EXTENSIVELY in a 


new warning light designed by The 
Pyle-National Company of Chicago for 
corrosion-proof outdoor operation with 
little maintenance. Base, cover, and 
lamp and lens assemblies are made of 
aluminum castings, available in a natu 
ral or dull black finish. The polished 
reflector unit is fabricated from alumi 
num sheet. To provide a dual beam 
from a single light source, the reflector 
is bent into a right angle and inclined 
so as to reflect light beams in a hori 
zontal plane. Heat resistant Pyrex 


clear or with a red tint-—-is used for 
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mercury relays 


Adlake relays require no maintenance whatever quiet and 
chatterless...free from explosion hazard, Dust, dirt, moisture and 
temperature changes can’t affect their operation seats to-mer 
cury contact gives ideal snap action, with no burning, pitting or 
sticking. Time delay characteristics are fixed and non-adjustable 


ane more information about Adlake Relays, write The Adams & Alhhe 
, la 


stlake Company, 1168 N. Michigan, Elkhart, Indian: 


The Adams & Westlake > Company 


. RLASAR } en 
tr ' rer mer 


READER INQ 


79, 





DESIGN TRENDS and lower seals, respectively. The lamp ‘ion unit designed to rotate the reflector 


is readily accessible through a gas- at 48 rpm (96 flashes per min). The 
keted, hinged door at the top of the 115-volt a-c motor is a shaded-pole unit; 
unit d-« 


units are shunt wound and range 
the glass cylinder. L- and U-shaped The drive assembly consists of either in a wide 
rubber gaskets are used for the upper or 


variety of ratings from 6 to 
motor and a gear reduc 110 volts O00 


, 


Wrist Radio Weighs 2.5 oz 


A broadcast band all-transistor wrist 
radio has been designed by LEL, Inc 

Copiague, N. Y., a division of Linear 
Equipment Laboratories, Inc. An r-f re 
flex circuit is used to provide good 


All-transistor 
wrist radio receiver 


selectivity and sensitivity. Three tran 

sistors are used which require 4.5 ma 

total battery current and five button 

size mercury cells last up to 100 hr. The used throughout. Band coverage is 550 
receiver features a 2-stage transformer to 1600 ke. Its small size (2%4 in. long 
coupled audio amplifier and a no 134 in. wide and %4 in. thick) and 
whistle regenerative circuit. A high weight (2.5 oz with batteries) make it 
quality hearing aid receiver allows for well suited for wearing on the wrist or 
private listening. Printed circuitry is in a shirt pocket 


Mm. ti WUE Ob 


SWITCHING OR RELAY CIRCUITS such as 
those used in machine tool or automa 
tion controls can be fairly complex. The 
designer in analyzing a new circuit or 
attempting to make changes in an ex 
isting one, can easily overlook possibili 
ties of “sneak circuits,” relay racing or 
hang-ups which may cause trouble later 
Even with the aid of a carefully pre 
pared sequence chart showing which 
relays and switches are in at a given 
time, it is difheult to remember the 
condition of a number of contacts 
simultaneously 
A faster and easier solution is the 
use of some sort of markers placed 
on the diagram to show each circuit 
element last energized or actuated posi A 
tion, as shown in the photo. The mar E ; 2 
kers used here are of three basic types Markers signifying “Open” and “Closed” contacts and “Energized” coils aid sequence 


checking of control diagram. This scheme has stood the acid test of telephone inter 


1. The “Open” marker (to open ruptions during sequence study 


contact shown closed) is a hollow bras 


1 


lL. in. dia x 44 in. long 


rivet or evelet 


2? The “Closed” marker (to close a picked up easily but do not obscure to In use, the proper markers are laid 


contact shown open) is a solid black much of the diagram. For most contro] over the relay and switch symbols, et 


iron rivet 4% x “ie in. with a flat head circuits, two dozen each of Nos. 1 and on the elementary circuit diagram 


about 14 in. dia 3, and three dozen of No. 2 will be as the cycle progresses, starting by set 

$. The “Energized” marker (to show idequate.” ting the selector switches and “closing’ 
an energized coil) is a longer stainless the Start switeh, then marking any 
steel solid rivet 44 x “x in. with a 14 -P energized relay coil or other device and 
in. flat head so that it stands firmly are store e suthor will cupply set proceeding to “open” or “close” the 


With these sizes the markers can be tan ai ies satord, NJ. cana related contacts of that relay. Usually 
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Blind attachments made at 82% lower cost 
...with Tinnerman SPEED CLIPS ! 


In a heating unit assembly J 
type Sree» Nuts eliminate prob 
. . lems of hole misalignment and 
a l. Automatic Range Company, Brooklyn, cut assembly costs paint clogging 
— 3 —<—_~ 


=. on its Royal Rose Ranges 82°, with a Tinnerman tubule: = a 9 
a type Spreep Cup". It locks the removable range tops J 

©© a securely in place. Automatic Range designers were able ; / : 

« , 24D secure place yma tic ing gre ‘ ible p Ms) Ee 


to eliminate a costly bracket, a wire form catch and a 
spot welding operation with this engineered fastener 







One-piece, spring-steel Speep Ciips are quickly and easily snapped into 
punched holes in the range’s top. Self-retained, the Spreep Civ grips the 


mating stud in the front panel flange with pin-point accuracy under live On truck radiators, costly retap 
spring tension for a firm, vibration-proof attachment. Yet the top is readily ping ah eee een ae 
raised or removed for cleaning or servicing no tools required! by Srey Gui 


Tinnerman produces more than 8,000 different types and sizes of Speep Nut 
brand fasteners. They are designed to help you make faster, easier, more effi 
cient attachments at substantial assembly savings. Consult your Tinnerman 
representative for complete information on standard or specially engineered 
SPEED Nuts. Also write for your copy of “Seprep Nur Savings Stories.” 


TINNERMAN PRODUCTS, INC. + BOX 6688, DEPT. 12, CLEVELAND 1, OHIO 


Canada: Dominion Fasteners, Limited, Hamilton, Ontario. Great Britain: Simmonds Aero ad en" 


cessories, Limited, Treforest, Wales. France: Aerocessoires Simmond S. A 7 rue Henri Om an indicator light, Tubular 
Barbusse, Levallois (Seine). Germany: Hans Sickinger GmbH ‘‘MECANO"’, Lemgo-i-Lippe Sreep Cire replaces 4 part 


reduces parts cost and handling 
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DESIGN TRENDS When checking for power tailure or normal cycle, or vice versa. The across 


a emergency “lope most of the relay the-line elementary diagram on the 
markers will be swept off the paper same sheet with the “wireless” wiring 


eaving onl limit witches actuated diagram, and if possible the operating 


| 
he normally closed contacts should be boxes plion ire mechanically latched sequence, is a highly desirable arrange 


opened first, and the circuit checked rela ind double-solenoid valves ment 


for possible errors before closing the hese can be specially identified by dip These inexpensive markers can be 


normally open contact except where ping some of the Energized markers i ised with any electrical diagram sym 


overlapping contacts are specified. Con enamel. The red markers are ther bols. for example, with a communica 


ersely, on dropping out a rela the noved onl wher hifted to opposing tions switching code recently described 


normally open contacts ordinarily oper Hl, or when a valve is reset manuall in the literature 


firel When two or more rela ire \ 


i general comment on cireuit de 
energized imultaneously the eireun ign, the practice ind symbols recom Acknowledgment 
hould be checked for each possible mended by the National Machine Tool 


Acknowledgment is made to J. | 
order of their picking up. Visually hold Builder Association and Jit 


are eX of the Singer Manufacturing C 
ing the circuit in a normally transient cellent. notably the practice of putting beth, N. J.. whe. with the author, sele 
condition may show up a sneak circuit il coils on the grounded side of the ind used the method described 


which might permit a relay to be held line and using limit-switeh symbol 


im of i tast-acting olenoid valve to which can distinguish between normally 


hift during the transit time of the re open wite he ind normaily closed 


iVs witehe held oper it beginning of 





Quick-Starting 
Arc Lamp for 
Navy Searchlight 


fue BRIGHTNESS OF Navy. signalling 
earchlights is increased eight fold by 
the use of newly developed 1000. watt 
short-are mereury-xenon lamps to re 
place the presently used incandescent 
lamps. The lamp, termed a short-are 
lamp because its tungsten electrodes 
ire only 144 in. apart, was designed 
by the Lamp Division of Westinghouse 
Electric Corporation. The quartz bull 
in. in diameter 

Unlike earlier experimental model 
the new lamps do not require special 


heaters, but use instead a quick-starter 





Split Housing Eases Assembly 
of Electric Drill 


A SPLIT-HALF ALUMINUM HOUSING permits all parts to be assem 


bled into one rigid half in a new '4-in. gear type drill manu 


factured by Portable Electric Tools, Inc., Chicago 20. Besides 
assuring correct armature alignment, the split housing construc 
tion also permits relubrication of the porous bronze bearings and 
commutator brush inspection. Power for the unit is supplied 
by a 115-volt, 60-ceycle universal motor; maximum output is 
0.145 hp at the full-load speed of 1000 rpm at the spindle 


1 Thousand-watt short-are lamp. 
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For Ball Bearings 
THE TREND IS TO SKF" 


Sleek, slim, powerful, quiet Mercury Outboards 
are the ruler of speed and spray — “Master of the 
Waterways.” Kiekhaefer Corporation, who makes 
them, was first to feature extensive use of anti 
friction bearings in outboards. And Kiekhaefer is 
another concern that purchases single row, deep 


groove ball bearings from 


It’s a trend brought about because those whose 


has them all business is to buy bearings recognize the improve 
Ball Bearings a Cylindrical Roller Bearings = ments has achieved in ball bearings 
improvements in quiet running, improvements in 


Spherical Roller Bearings (> “Tyson Tapered Roller Bearings (= 


sealing, improvements in bearing life. Maybe you 






too should switch to Ball Bearings. 
SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVE! 
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DESIGN TRENDS ince to tarnishing at elevated tempera 


EN tures, 1s designed 


which produces light immediately, at a 
so that its location level about 25 per cent as great a> 
ind shape prevents interference with final light output 
beamed light and reduces the problem 
heat reflector redirects and concentrates f pill” light to bring the liquid mercury to a tem 
» certain amount of heat radiatior The xenon gas has two tunctions perature at which it vaporizes. At this 
within the xenon-filled bulb. This heat Upon the application of power, the 
reflector, made of platinum for resist Keno! 


Aiso, the initial ar« 


design in which an internal platinum through the xenon gas generates heat 


point the lamp operates as a mercury 
permit in are to be formed are source OOC 


Thermostatic Circuit Performs Dual Function 


AN EXAMPLE OF A LOW COST SOLUTION 
to problems of temperature control and 
heat dissipation in electronic equip 
ment is found in the MI-19191 load 


ind wattmeter built by Bird Electronic 


Cooling 


water in 


Solenoid 
operated 


water valve 
‘ orp Cleveland. for RCA The equip Wattmeter' Water out 
ment permits the r-{ output of a 50-kw assembly r : ] t 


: 4 
IV transmitter to be measured with i 
uit actually broadcasting a signakh Thi 


ay | | Water valve 


j tt tt {+ 

is done by absorbing the energy in the } T] 
; +++ $o-45 
form of heat, thereby involving a heat | +4 


thermostat 


' i | | High temp 
transfer problem and the control of Lew ut) j aaa 
coolant temperature : 


22 —~ thermostat 
The transmitter output is fed to a 


Low temp 
pyrolytic carbon film type resistor, (18 ie A 
ut-o 
in. long and 1°%4 in. in diameter) in chamber 


2 thermostat 
the test unit, thereby converting the S Dielectric 


Resistor 


energy to heat The heat is removed by liquid 
a dielectric liquid and is dissipated in 


an adjoining heat exchange a indi Heat 


cated in the schematic diagram. The exchanger 


cooled dielectric then returns to. the 


resistor chamber. 





The temperature control circuit is Circulating 
designed to maintain the = dielectri pump 
coolant at 113 F and prevent both the 
test unit and the test transmitter from 
operating if the coolant temperature 
falls below 54 F or rises above 140 f 

The control circuit illustrated em 
ploys three Fenwal thermostats. One 
thermostat controls water flow, open 
ing a solenoid valve whenever the tem 
perature of the incoming dielectric 
liquid exceeds 113 fF, and shutting off lil 
the water supply when the coolant falls Line current intertedh: tne 
below this temperature 

The two other thermostats are used 
Pump 


as extreme temperature cut-offs to shut 


indicator lamp 
off the transmitter through a serie : 


interlock power line. The low tempera ? {a0} 

ture thermostat opens below 54 F t 

prevent the transmitter from operating - 

at dielectric liquid freezing point of Water valve ? 4 m |— 
50 F. Similarly, the high-temperature solenoid } ‘Circulating 
thermostat contacts shut the trans pump 


—_—_—___—_—_—_—_—__—+-e-+_; 


mitter off when the dielectric tempera 
ture exceeds 140 F 

The three thermostats have an inher 
ent sensitivity of 0.1 deg F. They are 
mounted side by side in cylindrical 


Water flow 


indicator 


holders protruding through the lop ot 

the heat ex hanger = -_ = a ite _ . 

tri liquid The top o each wilder is Woter valve High temp low temp 
threaded into the heat exchanger shell 


control cut-off cut-off 
thermostat thermostat thermostat 





Electrical leads from the thermostat 
are connected to a pair of terminals 
on top of the holder 
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GENERAL 
moTorRs 


Packard Electric Division 
General Motors, Warren, Ohio 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


satisfied customers 
don't keep it a secret! 


This man’s bought a new way to do an old job. . . an electric 
power mower to cut his lawn. It’s powered by a Packard Electric 
motor, in fact, and he’s letting his neighbor in on its smooth 
quiet, dependable performance. No, there’s no secret here 
There seldom is when an appliance is Packard-powered! 


Packard Electric is an old hand at building satisfaction into 
motors. For over 39 years, Packard fractional horsepower 
electric motors have been delivering the kind of performance 
that makes for scenes like this. And scenes like this can’t miss 
building sales and goodwill for appliance manufacturers 





New Components 
and Materials 


A staff compilation of the latest—and only the latest—developments 
screened for designed-in use in electrically operated end products . . . com- 


plete with all released specifications and available application data. 


HIGH TEMPERATURE CERAMIC-TO-METAL HERMETIC SEALS 


High tt mperature, hermetic ceramic-to specific types are generally determined 
metal seal, capable of withstanding se by the ultimate method of assembly 
vere thermal and electrical effect and by the performance requirements 
ociated with sustained operations at both electrically and physically of the 
high voltage and high current, is the seal itself. A wide range of ceramics as 
product of a new proce developed for well as a variety of metals have been 
ealing and bonding ceramic-to-metal at A ‘ 7 tested in this new sealing process 
temperature upto ¢o0 Added advantage of this seal is the 
The ceramic-to-metal bonding pro 3 use of an inside or recessed metal-to 
permanently bonds the metal allo ceramic seal which may increase the 
to the ceramic by a diffusion of metal leakage path by as much as double the 
into the subsurface of the ceramic, re Phe ealing proce is said to be normal without increasing the overall 
ulting in a bond that is a trong a flexible enough to allow the use of length of the seal, or permit maintain 
the ceramic itself. Forcible removal o ceramic-to-metal on inner seals as well ing a specific leakage path and reduc 
either the outside flange or the is on the outside seal which will al ing the overall length by as much as 
metal eal will tend to break the low in turn a wide choice of design one-half. The Victoreen Instrument Co 
ceramic instead of the eal, leaving lor each project 800 Perkins Ave., Cleveland 14, Ohic 
portions of the ceramic adherin to the \ wide range of metals for the out Circle No. 1, Reader Inquiry Service Cards 


preceding back cover 
etal being employed, ele eal i available, ilthough the 


MINIATURE SPEED CONTROL DEVICE ACCURATE TO '4 OF ONE PER CENT 


holed the Witelh in ope iti 


is the predetermined peed 4 
proached This feature 


tiie rapidl necreasing 
thre quare ot th 
ilt 1h A Psat 
I irc-lree Coprenriiny 
tatronat 
pect ippli 
nlene 


0.000 operation o eh re tect ele 


ectronu computing 


| 
quired ivainst overt iting du 

The miniaturized centrifugal witel failure of cooling svs 
hea desigi characteristi requiring thre output ile 


raplaly decreasing i if pressure to shaft. If the 





Our 


Solves 3 


RELAY * 
Problems = 


*iSe A 
suetaion Data *0rp 


; Lainhader At 


. 
euros vite 
ae nee 


FOR A QUARTER OF A CENTURY Potter and Brumfield has 
designed and manufactured relays. 


Many thousands of relays engineered to meet the most exacting 
quality standards. 


But, still thousands of other designs built to meet the most competitive 
prices. 


Samples and quotations gladly furnished. 


For quick delivery over 350 different standard relays stocked by Fran- 
chised Distributors throughout the United States and Canada. 


a Relay illustrated 
(RS series 
& low cost 
e sensitive type relay 
PRINCETON, INDIANA wme. 


SUBSIDIARY OF AMERICAN MACHINE AND FOUNDRY COMPANY 





NEW ... NEW! 


Gear-Grip 


Flexible Coupling 


The most revolutionary design advancement 


for integral H.P. in a century! 


Positive power 

transmission of rated 

load. Gear teeth on end castings 
match special rubber tube section 


22 H.P. to 25 H.P 
@ Shoft sizes—%" to 17%" 


Specified lengths to design 
requirements. 


* Load ranges 


Prevents end thrust 

“By Eye” shaft alignment 
No lubrication required 
Shoft Safety features 


Dyna-line . . . 


The finest 
construction 


tional H.P 


flexible coupling in 
specifically 


single unit 
designed tor frac 


an 2 OR 


True Flexibility and Torsional Resili- 
ence for quiet, load-plus power trans 
mission without extreme deflection or 
twist. 
Lengths varied to design 
tions in each series. 
Load ranges— 1/15 to 1'2 H.P 
Shaft sizes 
3/16" to %"’. 
Lowest O.D. 
for highest 
torque capa- 
city. 

Write for Catelegs and 

Technical Bulletins 


specitica- 


PRODUCTS CORP. 


COUPLING DIVISION 


DEPT. E-56, 1215 E. SECOND ST 
MICHIGAN CITY, INDIANA 


| 
| 


predetermined minimum, the switch 1s 


actuated with a positive, snap-action, 


which in turn cuts out all equipment 
on the computer circuit 

The Synchro-Snap switch is expected 
to find applications in electronics and 


iircraft equipment, as well as use in 


other devices, including guided missiles 
lorq Engineered 


Bed 


ind servomechanism 
Products, In 12 
ford, Ohio 


Circle No. 2, Reader inquiry Service Cards 
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Interstate St 


COLD FABRICATING 
PHENOLIC LAMINATE 


Plastics 


ticularly 


laminate, with properties par 


suited for automatic produ 


tion of electronic equipment utilizing 
ignated Textolite 
The 


stance 


is de 
11570 


insulation-re 


printed circuits 
cold 
high 


nolic 


material is a 
XXXP phe 


which per 


punch 
paper base laminate 


mits close registration punching at 
normal room temperatures 

Grade 11570 is reported to eliminate 
dimensional changes in the material 
combination of 


stresses. It 


which result from the 


heat and punching allows 
precision punching of printed circuits, 
facilitating the use of automatic assem- 
bly equipment in mounting components 
In addition, the 


laminate 


translucency of the 
ches k for 


registration 


permits a visual 


accuracy of circuit 


Typical propertic (1 in. thickness ) 


1¢ 
ine lude 


10,000 001 
1010 00K 
19.0 

7,500 
0) 


103 
D.48 8 


include high flexural 
factor, high heat 
uniformity 
and 


Coshocton, 


Other features 


strength, low power 
and optimum 
Electric Co., Laminated 


Products Dept 


resistance 
General 
Insulating 
Ohio 
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RIGHT-ANGLE TUBE 
SOCKETS FOR 
PRINTED WIRING 


Mounting tubes parallel to printed- 
wiring boards by means of right-angle 
tube sockets is now possible. The Right- 
Angle Tube Sockets provide marked 
depth of 


and are 


and 
assemblies, 


reduction in height 


printed-wiring 


equally adaptable to hand- or machine 
insertion methods. Terminals are of ade 
quate length to slip into printed-wiring 
holes soldered. Silver 


plated contacts are engineered to pro 


and to be dip 
vide nonfatiguing contact pressure with 
suitable insertion and withdrawal pres 
sures. Metal parts and mounting hard 
ware are plated to meet salt spray test 
specifications 


Available are 7 
different 


and 9-pin sockets in 
Type A, for 


applications 


four versions: 


general purpose where 


extra rigidity and resistance to vibra 


tion and shock are not important 


factors; Type AX, for special applica 
ype B 
which are the same as A, but with tube 
shield added; and Type BX, which is 
the same as AX, but 
added. Aerovox Corp., 
St.. Monrovia, Calif 
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tions requiring extra rigidity ; 


with tube shield 
2724 South Peck 


SUBMINIATURE TRANSISTOR 


So small more than 20 can be placed on 


a dime, subminiature alloy-junctior 


transistor audio fre 


M-1, the 


now going 


operates in the 
Named the 


transistor 1s 


quency range 
alloy junction 

into production 
transistor, the maker 


Using the new 


has assembled a miniaturized amplifier 
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INSULATION 
SUPRAMICA 


A 60-SECOND GUIDE 
TO BETTER PRODUCT PERFORMANCE 


supramica ceramoplilastics 


- THE WORLD'S MOST NEARLY PERFECT INSULATION 


The research and production skill of the first commercially produced synthetic 
Mycalex Corporation of America has for mica... and a completely new ceramo- 
many years given design engineers the plastic — SUPRAMICA’ — for applica- 
ultimate in versatile electrical insulation tions that demand the ideal combina- 
materials . . . MYCALEX, the original tion of physical, thermal and electrical 
glass-bonded mica . . . SYNTHAMICA, characteristics. TYPICAL APPLICATIONS 


SUPRAMICA 555 IS MOLDABLE! 


This superior ceramoplastic insulation loss very high arc resistance no 
features continuous operation at carbonization resistance to moisture, 
temperatures up to 950 F complete oil and organic solvents permanent 
dimensional stability moldable to radiation resistance . high dielectric 
precision tolerances positive bond- strength . thermal expansion coeffi- 
ing to metal inserts low electrical cient same as steel 


TYPICAL APPLICATIONS 


SUPRAMICA’ SOO IS MACHINEABLE! 


This superior ceramoplastic insulation .. +» wery high arc resistance . . . no 
features . . . continuous operation at carbonization . . . thermal expansion 
temperatures as high as 1000°F.. . matching steel . . . water-, organic sol- 
machineable to precision tolerances . . . vent-, and oil-proof performance 
absolute dimensional stability . . . high permanent radiation resistance .. . good 
dielectric strength . . . low electrical loss mechanical strength. 





Famous MYCALEX Products .. .for applications 


MYCALEX 410® 
Standard quality moldable glass-bonded mica insulation. 


MYCALEX 410X® i MYCALEX 


Lightweight moldable glass-bonded mica insulation. 


CUSTOM- 7 
MYCALEX 400° ~ 
Standard quality machineable glass-bonded mica insulation MOLDING 
MYCALEX” K and KM Plait 
(eTolelai elma aial CUSTOM- 
TELEMETERING EQUIPMENT and COMPONENTS 
Mycalex Model TM55 Series Commutation Switches and SUPRAMICA MACHINING 
555 ceramoplastic Commutator Plates . . . perfect for low-voltage, low SERVICES 


noise-level switching write to Department 111 for full technical 
information 


CORPORATION OF AMERIC 






General offices Los Angeles Office: 5657 Wilshire Boulevard, Los Angeles, California 
a and plant Chicago Office: 6677 Northwest Highway, Chicago 31, Illinois 
Poms vam Clifton Boulevard Minneapolis Office: 801 Southeast 8th St., Minneapolis, Minnesota 
eA SYNTHA ais Tala home tet 5 4 Washington Office: 1411 Pennsylvania Avenue NW, Washington 4, D 
Mi insviatoe \ Syne ric mi? 





WORLD S LARGEST MANUFACTURER OF GLASS .BONDED MICA AND CERAMOPLASTIC PRODUCTS 





Infinitely Adjustable 


SPEED 
CONTROL 
SYSTEMS 


FOR INSTRUMENT— 


OR INDUSTRIAL— 


ve 


APPLICATIONS 


WacLine Power Systems provide the eco 


to speed contro! of AC 


inder variable or constant-torque 


nitely adjust 
,10S8e ulation 

omplished even ur vary 
The WacLine systen 
single or multi-phase sources 
cy from 50 to 1000 cycles 


Con 


may be 


Full Regulation with all the 
Advantages of AC Motors 


* From.) oz/in. to industrial power re- 
quirements, 
Longer Motor life with less mainte- 
nance 
Permits the use of open or hermetically 
sealed motors 
Applicable to explosion proof motors 
Equally effective for large and small 
power requirements. 
Simple electronic principle, patent: 
pending. 


For further information write 
Wi l 
ol 
aeL.uUne 
a ” 
A 
Mirs. of Speed Contro! Systems—Dummy Loods 


Microwave Components—Test Equipment 
Photographic Equipment—Medical Equipment 


(lor demonstration purposes only) 
about the size of an ordinary pencil 
eraser. The amplifier has a 70 |b gain 
or a power gain of 10 million 

The subminiature transistor is covered 
by a metal can which is hermetically 
sealed by welding to protect the device 
from moisture and other contaminant 
The device can withstand an accelera 
tion rate of 20,000 g without change in 
characteristics. The M-1 will operate 
on as litthe as 0.0001 watt. Leads are 
oldered to a dot of indium on each 
face of the water The M-1 is a pnp 
transistor. Phileo Corp 1700) Wissa 
hickon Ave Philadelphia Pa 
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FOOT SWITCH 


Suitable for a wide variety of light duty 


Wwses foot switch 4 useful for control 
ling small industrial machine tools 


Identified as Cla YOO? ly poe CG-1. the 


two-pole device with double-break con 
tacts can be used to control a motor at 
110 or 220) volt ‘4 Square D Co 
O41) North Richards St Milwaukee 
12, Wi 
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SILICON POWER RECTIFIERS 


CBS types IN 
IN526 are ‘ ipable at 


with extremely high reverse 


Silicon power rectifrer 


05 through 


ind accompanying low reverse 
irrent Thi heature vether with a 
ry low forward enable 
the rectiher to deh 
the load with relat t ipa 
lion 
Phe unit i 


thitbient 


to its inherently low thermal resistance 
[he ‘rectifiers are available in three 
different configurations depending on 
the heat 


smallest unit is capable of handling 1/3 


dissipation required. The 
amp without benefit of an additional 
heat radiator. and features pigtail con 
struction which is particularly adapt 
able for printed circuit application. The 
second type which features screw-type 
mounting in a small cylindrical pack 
age, is capable of carrying | amp. The 
third has a hexagon base screw-stud 
mounting and is capable of handling 
1) amp 

The rectifiers are suitable for use in 


airborne equipment, computers, and 
other applications where miniaturiza 
tion and reliability are important. Typ 
ical applications are high current-low 
voltage regulator magnets amplifier 
power supplies and other applications 
where high rectification efhciency and 
CBS-Hy 
Columbia Broadcasting Sys 


Danvers, Mass 
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large currents are desirable 
tron Diy 


tem. Ine 


WATERTIGHT PLASTICS- 
COVER LIMIT SWITCHES 


Watertight 


switche . permit the operator to observe 


plastics cover on limit 


the contact action in the interior of 
the switch without removing cover, The 
covers are made with acrylic plastics 


material held in position by an espe 


® 


eel frame and capt 
cover screw \ watertight neoprene 
gasket provides a positive water seal 
between the housing of the switch and 
the cover 
evel Loxswiteh models mad 
contact arrangements are now available 
with the new 
The model 
pole, double throw 


covers 


LIOOWS (single 
LIOOWN (neutral 
L1IOOW N¢ 


wate right pla tics 


include 
position, normally opened 
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SURISA UML 


aT TELE: 
tape wound core 


2 


Core quality is no longer your worry—it’s ours, for we guarantee performance 
of our tape wound and bobbin cores to mutually agreed upon specifications 
What’s more, you can specify a host of extra Magnetics, Inc. exclusive 
features. These include the Aluminum Core Box’, to withstand the rigors of 
temperatures to at least 450°F., vacuum impregnation, heavy winding stresses 
and vibration—and the color-coded bobbin core, for error-free handling in 
storage and assembly. 
Why not write today for your copy of Catalog TWC 100-A? And if you 
have an application problem, our sales engineers are ready to provide you Magnetics’ bobbin cores, too, 
with expert assistance. Magnetics, Inc., Dept. E-29, Butler, Pennsylvania. 


©Petent Pending are performance-puaranteed! 


f é 


MAGNETICS inc. 
oe CABLE: Magnetics 





Can 0.0005 inch 
precision strip simplify 
your product design? 


Krom 0.0005 in. to 0.040 in 
thick and 0.090 to 6 in. wide, 
these alloys are available a 


pecial-tolerance strip 


Beryllium Copper 
Phosphor Bronze 
Nickel Silver 

Brass 

Chromium Copper 
Stainiess 17-7PH 
Invar 

Magnetic: High Nickel 


Some immediately available 
Others rolled to order in 2 
to 21 day 
in coils or straight length 
with slit or filed edge 


Can be upphed 


ilso cadmium plated 


Write for Bulletin 7 
TODAY 


PENN 


PRECISION PRODUCTS, INC. 


$01 Crescent Avenue + Reading, Po 


SALES OFFICES 


New York Philadelphia 
1G WILLIAM i, A RHOovI 
/ ‘ N j Upper D / 
Boston 


RF ¢ PROK} St. Lowis 


A. CROW! 
Cleveland 
LD. ALSPACH Heuston 
Chicago RANDOLPH 
R A. BURKETI ALES CO 


Los Angeles 
KRUSEN WIRE & 


WAREHOUSES 


New York 

BERYLLIUM COPPEI { 
Little Falls, Ne I 

Chicago 

PRECISION STEEL WAKEHO 


PRAL CO. 


Los Angeles 
KRUSEN WIRE & STEEL CO 


(neutral position, normally closed) ; 
and LIOOWDR (double pole, both poles 
closed clockwise) Additional models 
include LIOOWDL (double pole, both 


poles closed counterclockwise) and 
LIOOWTR (three poles—two poles 
closed cloc kwise, one clockwise ) RK. B 
Denison Manufacturing Co. 102 St 
Clair Ave., N.W., Cleveland 13. Ohio 
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MIDGET 3-WATT 
AXIAL-LEAD, 
VITREOUS ENAMELED 
RESISTORS 


Midget > wall ixial-lead 


enameled re sistor is now ivailable from 


stock in a wide range of 


vitreous 


resistance 
10,000 ohms Phe 
stock line now consists of three sizes 


values, from | to 


rated at 3, 5 and 10 watts. The 3-watt 
“Ize | y 44 in. in diam and 4. in 
long 

The axial-lead resistors are simple 
to mount by their tinned wire leads and 


' 
CCUDY mall space because of the 


3 WATT SIZE 
9/16" x 1/4" 


ACTUAL SIZE 


ibsence ol mounting brackets The 
power-type resistors with axial leads 
are wirewound unit ith steatite cores 
and i pecial formul llreous-ename! 
coating Phe resistance wire and. ter 
minal lead are both welded to the end 
cap, thus assuring permanently stable 
electric il connection 
All parts of the ixial-lead resistors 

core resistance ware vitreous-ename!l 
coatin ind terminal band ire “ther 
mally balanced Oo a to expand and 
ecoutract a i unit. Ohmite Mfg. Co 
MOT ‘ St.. Skokie, Ill 
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ADJUSTABLE 
HIGH-TEMPERATURE 
THERMOSTAT HAS TWO 
OPERATING RANGES 
Adjustable 


stat has one range from 600 to 1900 


high-temperature thermo 


and another (tor special ipplications ) 


from 600 to 2400 F. It can be used 


optionally, for heat holding or as an 


automatic shut-off device when con 


nected to a relay. A pyrometer can be 
provided if desired 

The device consists of a sensing tube 
approximately 102 in. long, with a 
sensitive area of approximately 5 in 
This sensing tube is connected to a 
Micro Switch rated at 15 amp, 125 volts 
a-c. A control panel with a pointer and 
scale showing the complete range of 
the thermostat is linked to the switch 
Expansion and contraction of an Inco 
nel tube in relation to an enclosed por 
celain rod operate the plunger of the 
switch. The switch can be connected t 
a relay for applications requiring more 
current. 

Accuracy is from “% to Y% per cent 
of full range. The temperature sensing 
element is completely mechanical and 
is not affected by vibration, voltage 
fluctuations or stray magnetic fields 
The Franklin Dales Co., 180-184 E. Mill 
St.. Akron 8, Ohio 
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VARIABLE SPEED DRIVE 


Offering a wide speed range and a spe 
cial load-compensating circuit for close 
speed regulation, the Selectron variable 
speed drive features stepless control 
fast speed response, and many optiona 
features 

Normal speed range is 22:1, but drive 
is available in speed ranges as great as 
60:1. With tachometer feedback. speed 


can be controlled to within 44 of 1 per 
cent. Standard option il features include 
dynamic braking, reversing and inching 
control 

Power supply is from a-c single phase 
voltages of 110, 208, 220, 440 or 550 
volts at 50 or 60 cycles. Separate trans 
formers for other voltages are available 


Drive motors are of the heavy duty 


MAY 1956 ELECTRICAL MANUFACTURING 





coaxial and shielded cable grounding 


completed in 90 seconds with 


HYRINGS 


STRIP shicia. Slip outer 


Hyring over insulated 
conductor. Slide inner 
Hyring under shield. 


INSERT ground lead 


under outer Hyring and 
line up over the inner 
Hyring. 


INDENT, assembly with 


single ratchet controlled 
compression stroke. 


COMPLETED assembly, 


with Burndy Hylug attached 
to free end of ground lead 


i a Por detaile on ec oded 
Tr " 9 BU ANDY Hyrings, a ‘oe r 
Hyring bulletin 


BURNDY 


Norwalk, Connect. + Toronto, Canada + Factories: New York, Callfornia, Toronto + Export: Philips Export Company 


READER INOUIRY SERVICE CARDS PRECEDING BACK COVER 
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OUTSTANDING PERFORMANCE 


Have made Durakool Tilt-Switches and 
Timer-Relays the Recognized Standard 


of Industry 


Now celebrating its 20th year, Durakool, Inc., is proud of the 
many records of achievement set by its mercury tilt-switches and 
timer relays 


The basic “Sealed under pressurized hydrogen” principle has been 
proved on thousands of applications. So successful have they been 
that they are now the accepted standard of the industry 


Millions of contacts or cycles without faltering 


Outlasts the normal equipment life 


Trouble free under every practical tempera- 
ture or humidity condition. 


The tougher the assignment, the more Dura- 
kools stand out. 


detailed information about your exact application 
WRITE TODAY. 


DURAKOOL, INC 
ELKWART, INDIANA, U.S.A. © 700 WESTON RD., TORONTO 9, CANADA 


Durakool 


VISIT OUR BOOTH NO. 520 AT THE DESIGN ENGINEERING SHOW 
PHILADELPHIA, MAY 14-17 


1714 


ball bearing industrial type in standard 
NEMA frames. Electro Dynamic Div. of 
General Dynamics Corp., Ave. A and 
North St., Bayonne, N. J 
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SILVER ZINC BATTERY FOR 
TRANSISTOR APPLICATIONS 


Silver zine battery for transistor, rocket 
and other applications employs a pile 
type construction instead of the con 
ventional plate-type construction. This 
design prevents inter cell action due to 
contact between cells through the ele 
trolyte because each cell is in in 
dividual battery 

The new unit offers high discharge 
capabilities, extremely flat discharge 
voltage characteristics. and can be as 
sembled to meet the voltage require 


ments of any application. A 28-volt 


wr ho 
OTD orig ah 
Mee eee 
WROWAL 28 voLTS af « oo eam 
ae WIM», 
onan, ore DEV To IER 


battery designed for continuous dis 
charge at 5 amp, for example, would be 
approximately the size of a package of 
king size cigarettes 1 in wide x 2% 
in. high x 314 in. long) and would 
we igh only 7 O7 

Phe battery is shipped dry and can 
be filled with electrolyte in less than ] 
min without special equipment. The dry 
shelf life if expected to be 5 yr. AMI 
Micro-Pak Power Div American Ma 
chine & Foundry Co., Colorado Springs 
Colo 
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COPPER-CLAD 
CERAMOPLASTIC FOR 
ETCHED CIRCUITS 


Copper clad Supramica 00 ceramo 
plastic, for use in the manufacture of 
etched circuits, is a glass-bonded syn 
thetic mica material that will withstand 
temperatures as high as 450 F; its 
thermal endurance is limited only by 
the bonding agent used in the applica 
tion of the copper. The material has 
age and dimensional stability, even 
under extremely adverse conditions of 
storage or use. It is particularly useful 
in circuits in which any small warpage 
might introduce variable contact re- 


MAY 1956 ELECTRICAL MANUFACTURING 





If fluctuating supply voltage is your problem 


current Sola literature may aid you 


THEORY OF DESIGN AND OPERATION, THE SOLA CV PRINCIPLE SPECIAL DESIGN SERVICE FOLDER Outlines the 
NO. CV-210) Technical monograph for electrical engi in which the basic CV types and sizes can be modified on 
neers and others interested in the underlying electro-mag order to meet the exact requirements of an application as 
netic relations of the Sola Constant Voltage Principle. It a component of a manufacturer 
contains schematic diagrams, vector diagrams, performance or frequenci 


aTriIOoOuUsS WAYS 


; product Special voltages 
pecial structures multiple outputs 
curves, and photographs illustrating typical assemblies Also lists representati 
COMPLETE CATALOG BULLETIN (NO. CV-200) Electrical assemble-to-order”’ basi 
and mechanical specifications for all stock sizes of the five 
general types of Sola Constant Voltage Transformers and 
general information on special design service. Also describes 
typical applications, and gives technical data useful in 


AK y { op setectio oO S126 ‘ ( \ ‘ ) o 
making a proper selection of size and type. Helpful ¢ OPERATING AND SERVICE MANUALS (NOS. CV-171 to 175 incl) 
design and specification engineers, draftsmen, and electrical 


Information booklets on installation, service, and repair 
technicians 


e special designs available on 


CONDENSED CATALOG CIRCULAR (NO. CV-170D) Complete 
listing of stock items b olt-ampere rating, input and 
output voltages, structure type, and catalog number. Hand 

for purchasing departments, stockmen, and field salesmen 


In addition, the include aluable operating and engineer 


CONSTANT VOLTAGE DC POWER SUPPLIES (NO. CV-235) 
Operational data, including charts and diagrams 
Sola Constant Voltage DC Power Supply 


computing and telemetering equipment 


ing data that has proved helpful in getting maximum result 
on new under various power tem and loading conditions. Manual 
assemblies for No. 171 treats Standard Type CV; No. 172, Harmonic 


and other applica Neutralized ‘1 VH: No. 173, Adjustable AC Power 
tions involving intermittent or pulse loading and/or high Suppl | No. 174, Plate and Filament Power 
amperage requirements. Models available from stock Suppl j \ ind No. 175, Constant Voltage Tran 


service former tor ision Receiver 


| LITERATURE REQUEST COUPON 
| Sola Electric Co., 4633 West 16th Street 
| 

Gentlemen 

Please send me the lit Name 


erature | have checked 


below Title ‘Dept 


| 
| 
| 
0 Yi, C boltiege | (V-210 cv-17) 
| (¥-200 win | compeny 
| 
| 
| 
| 


typical assemblies design-and-assembly 


Address 


(V-235 (v.173 
TRANSFORMERS 


CV SPECIALS (V-174 
| (v-1700 
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RESISTANCE 


DEPENDABLE 


BH FLEXTRUDE 
105 


All the quality you've come to depend on in BH 
Viberglas Sleevings 1s found in this new member of 
the Bentley, Harris Family. BH Flextrude-105 ts an 
xtremely flexible. extruded vinyl tubing, Under 

Laboratory approved for temperatures up to 

10 A low temperature brittle point averaging 
18° ind excellent oil resistance gives it a wide 


ip lation range 


BH Flextrude-105 ts available in Transparent, Blac 
White, Yellow, Green, Bluc, Red, Grey, Orange and 
Violet. Transparent Flextrude will stay that way, tt 
tll not cloud or fog with heat or age. Now. harness¢ 
ilways be identified without the necessit 

apart the lation. Both the olor 

idable. Both offer o 


| 
ical 


BH Vibergl 
both 
encountl 


want d 


BENTLEY, HARRIS 


Sx 
TUBING 


MAY 1956 ELECTRICAL MANUFACTURING 





sistance or changes in the capacty or 
inductance of the circuit. 

Because of these characteristics, and 
its good, low-loss electrical qualities, 
use of the material is anticipated in the 
design of etched circuits for guided 
missiles, aircraft and wherever cir- 
cuit stability under extreme conditions 
is essential, and in components requir- 
ing dimensional accuracy. 

Supramica 500 is a machining grade 
eramoplastic. Utilizing 
synthetic mica, its formulation provides 
the electrical properties of glass-bonded 
mica, plus thermal endurance, radiation 
resistance, and dimensional stability 
Mycalex Corporation of America, 60 
Clifton Blvd., Clifton, N. J 
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Synthamica 


GENERAL-PURPOSE 
MOTOR LINE HAS 
SPLASH PROTECTION 


Standard motors in manufacturer’s line 
have a 40 C rise and are now splash 
protected. Both old and new NEMA 
frames are available 

Motors are offered in % to 125 hp 
with 900, 1200, 1800 and 3600 rpm 


ratings, for 208, 220, 440 or 550 volts 
0 and 60-cycle power supplies 

Motors have high-temperature type 
insulation and cast steel frames. In 
tegral horsepower squirrel cage rotors 
are dynamically balanced for quiet 
peration. All motors are equipped with 
ball-bearings. Marble-Card Electric Co 
(;ladstone, Mich 
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ELECTRICALLY INSULATED 
METAL FOIL 


Electrically insulated metal foil, called 
(Amfoil, consists of various metal foils 
oated on one or both sides with a 
ontinuous film of Teflon. Principal use 
in subminiature capacitors, coil 
forms, transformers, and shielding 
Although the tradename, “Amfoil,’ 
ipplies to many different Teflon-coated 
metal foils, development to date has 
entered around aluminum in_ thick 


nesses from 0.2 to 2.0 mils Coating 
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BARNES 
CONSTANT-FLO 
GEAR PUMP 


with Special Doerr Motor 


Conventional separate pump and 
motor requires heavy cast base 
plate, flexible coupling and pump 
support bracket. Special Doerr 
design, shown at top, reduced ma 
terial costs and assembly time 


SIMPLIFIED ASSEMBLY 


Permits easy inspection, quick 
replacement of motor or pump 


PRODUCT IMPROVEMENT PLUS MANUFACTURING ECONOMIES 
The John S. Barnes Corp., Rockford, Ill, has achieved both with 
Doerr motors. 


Barnes rotary gear pumps now feature a close-coupled Doerr design 
that links the motor directly to the pump. Result: a lighter, smaller 
combination that eliminates shaft alignment troubles, reduces vibra 
tion, cuts assembly time and costs 


Rated up to 3,000 psi, Barnes ‘‘pressure packages’ employ NEMA 42, 
56 and 66 frames ranging from % to 1% hp. These Doerr motors 
represent custom design at its best, backed by a reliable source of 
supply. 


Why not put Doerr’s long experience to work on your design problems? 
Consult Doerr for the economical answer to dependable power-—engi- 
neered to fit your needs 


YOU GETMORE WITH DOERR 


from 


CEDARBURG 2, WISCONSIN 


Electric motors Standard or 


designed to your 
specifications 
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How Chace Thermostatic Bimetal 
actuates the 


PACE Thermostat 


Products of Pace, Inc 
Mansfield, Ohio 


Pace, Inc. manufactures a full line of positive make and break 
thermostats having an operating range from 100 F. to 650 F., 
with differentials from 2 to 8 degrees F. 


Their special design incorporates a steatite adjusting pin 
which eliminates wear and lost motion from repeated adijust- 
ments which may often cause jump and drift in calibration. 
A positive locking clip of stainless steel holds bumper button 
tightly to bimetal blade at all operating temperatures to 
prevent creep and frying of contacts. All parts are protected 
for maximum resistance to corrosion and are enclosed in plastic 


envelopes for shipment and storage. 


How it works—lIn a normally closed circuit position, ambient 
temperatures in excess of the thermostat's calibrated rating 
cause the sensitive Chace Thermostatic Bimetal element (A) to 
deflect upward so that bumper button (B) bears on contact 
blade (C) opening circuits at silver contacts (D). Circuit is 


automatically closed when temperature is again normalized. 


Chace Thermostatic Bimetal is available in 29 types, in 
strip, in coil or in complete elements made to customer 
specification. Write for our brand new, fact-filled 44-page 
booklet, ‘Successful Applications of Chace Thermostatic 
Bimetal,"’ containing interesting uses of bimetal, formulas, 


calculations, etc. 


WwW. M. heats co. 


1608 BEARD AVE., D 


thickness can be varied trom 0.03 
0.5 mil per side and held to + 10 per 
cent of desired film thickness. The con 
bination of aluminum and = polytetra 
fluorcethylene produces a high-ten 
perature (200 ¢ dielectric material 
having chemical inertness and non-ad 
hesive properties which make the new 
heet film product readily adaptable 
for electrical and electronic appli 
tions 

Amfoil sheet i ivailable in) width 
up to 40° in \mericat Machine 
Foundry Co. 261 Madison Ave. Ne 
York 16, N. \ 
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COMPACT FHP MOTOR 


Incorporating inte i mall-diamete 
motor the desig and = constructior 
ture of the Type AY motor, the 
ype AL-4 has a wide variety of 
ipplications in heating, ventilating, ait 
conditioning, refrigeration, and appli 
ince equipment. Motor shaft is onl 
»/ 16 in. in diam, Excellent performance 
characteristics plus increased starting 
ind running torques add further to the 
Lipp lic lion for which this motor car 
be idapted 
Use of Uni-Cast construction a ire 
real rigidity is the stator core trame 
is die cast under very high pressure 
By machining both stator core registers 


<imultaneously, the registers are held 


oneentrir vith each other and to the 
bore to extremely close tolerances. The 
end trame which are then set into these 
machined registers provide both positive 
bearin tivnment and a uniform ait 
pap 

Motor shorts and grounds are elim 
nated through the use of thermosetting 
phenolic end turn insulators. The toug! 
case-hardened studs prevent the threads 
from strippin Oil wicks are made of 
pun nylon which not only increases 
capacity and retention, but gives more 
uniforn oil distribution Magneti 
wedges iret eliminated Motors ire 
available with Mylar slot insulation 
where moisture proofing is required 

Dy pe AL-4 motor is of 1- pole desigi 
50) rpm 115 or 230 volts, 60 pe 


] 
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See this “Show-Case’’ of 
- T 
baacrmetnnesaliiniineces Insist on Standard 


COUNTERS... VEEDER-ROOT 
at your COUNTERS 


Industrial Supply Distributor from your Industrial Supply 


Distributor or write us 
on special problems 


Useful “‘facts-in-figures”’ on prac- 
tically every machine, operation, 
system or process in industry can 
be supplied by Veeder-Root 
Counters for mechanical, elec- 
trical and manual operation. 


And now Veeder-Root Counters 

d O eeder R A compact, rugged reset counter for 
an be supplied from stock by moderate duty in Parts inspection, quality 
Cé > § 


eyors, machine tools, light 


BOX-TYPE RESET COUNTER 


For punch press installations, conveyors, 

metal working equipment, die casting, 

plastic molding, rivet, spring and wire 

. . machining, or any installation requiring 

certain leading Industrial Sup- — etc, s ee a heavy duty counter, 
mensions: 1% long, 11%, high, 


‘] Dimensions 4%" long, 2° % high, 
Distributors. Find out <1 mere 


3%” wide 


ply 


. ° . Speed: Up to 1000 counts per minute. 
; distributo1 
from your own 


Speed: 500 counts per minute 


. 
SMALL RESET COUNTER . 


. : RESET MAGNETIC COUNTER 
ciency and Countrol of youl For remote indication of machine opera 


tion from plant to office 


ic if you 
plant operation. And if y Seer POE oh dn ac 
are selling or designing 1%” wide. 
equipment, contact Veeder- Cale TVAC ap ne 


voltages are Ovailable. Panel mounting 


Root for en gineering rec- feature also available 


how they can add to the effi- a 


Speed Up to 1000 counts per minute 


ommendations. 


For quick Spol-checks of Produc 
performance 


tion or 


Dimensions lh, long (to 
knob), 1% deep, 2 high 


end of reset 


Counts one for Cc 
P l 
nh: iheeano UTCH SPEED COUNTER 

of the thumb oe checking fo make ‘ure that the ma 


chine ‘s operating at the required R PM 


t on lever, and resets 
Ever one Can Coun !o zero by : Dimensions i% 


VEEDER-ROOT | 
"The Name that Counts 
HARTFORD 2, CONN. 


* WNew York 19, N. Y. 
« Montreal 2, Canada 


J 
long, § max, diam 


Stocked at Hartford 2, — a 
s * Chicago 6, Il. 
— Offices and Agents in Principal Cities 





Here is the IDEAL 
COIL BOBBIN 


e& FURNISHED WITH ANY NUMBER OF LUGS 
ATTACHED AT A NEW LOW IN UNIT COST 


Low-cost coil bobbins can now be furnished to your specifications 
with any number of lugs attached. Through the development of 
special high production automatic equipment, Precision has elimi 
nated the expense and difficulty of attaching terminals especially 


as encountered with molded type bobbins 


The attached lug feature especially adapts these bobbins to printed 
circuit applications. Equally important, they can be insulated from 
the coil winding by washers as an integral part of the assembly 
This latter advantage not only improves insulation, but greatly 


facilitates easier and faster produc tion of the finished coil 


Coil bobbins with lugs attached are available in any size with 
round, square or rectangular cores flanges of all shapes. Cores 
are wound from dielectric kraft, fish paper, acetate or combinations, 
including DuPont Mylar. They can also be supplied Resinite 


impregnated 
Write, wire or phone for full information 


Sales Representatives in: 


ty 3.7091 
d, New Jersey; Metrop 


ty, New Jersey, Swarthn 


aay 
Precision 4035 W. CHARLESTON ST ° CHICAGO 47, 1LL 
Plant No. 2: 79 Chopel St. Hartford, Conn 


It is also available in odd voltages and 
frequencies or in either open ventilated 
or totally enclosed construction. It 
develops 1/250 to 1/15 hp. There are 
14 lead outlets. The motors are built 
of Underwriters’ Laboratories approved 
materials; all motors equipped with 
overload protection have passed the 
UL fifteen-day locked rotor and short 
circuit’ tests. Redmond Co., Owosso 


Mich 
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THERMAL RELAY 
HANDLES 30 AMP 


Designed for heavy duty, Model TR-30 
thermal relay is available with normally 
pen or closed contacts in either the 
single or double throw types. The 30 
imp unit, equipped with a low current 


onsumption heater coil, can be sup 


- iii 
tre shot 
i ! _ 


plied for operating voltages of up t 
20, volts a- \ time delay setting of 
up to 3 min (factory-adjusted) can 
be obtained, with repeatability main 
tained at a maximum variation of not 
more than 10 per cent. Hermetically 
sealed models are available. Precision 
Magnetic Devices, Inc., P. O. Box 312 
Hackettstown, N. J 
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90 AND 45 DEGREE 
NO-THREAD CONNECTORS 


Need for bending and threading rigid 
conduit, is eliminated by 90 and 45 
deg connector 

Designated Series 1770 (for 90 deg 
1780 (for 45 deg), the connectors are 


said to afford ease of installation and 


to connect 


off, conduit is i 
serted and the re-tightened, hand 
tight \ pe \ designed gland ring 
with multiple serration bites into the 


onduit. When the nut is tightened, this 
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‘ 


=" m€ gives you more to talk about 


Are you in a business whose product needs con- Today, as always, the phrase “made with copper” 
stant selling? Most products do. ignifies quality 

Perhaps yours must be sold to many people. . That's because people’s experience with copper 
your own sales organization ... distributors, re is favorable. There is no doubt about copper 
tailers, consumers. performance, 

Copper gives you more to say for your product. If mere acceptance isn’t enough for your product 

And especially where you're selling against com ... if competition makes preference important 
petition, copper can make the d flere nce, vive youl elf the advart tuve ol copper or one of it 


‘ 


For no substitute possesses the combination of many alloy 
j 


characteristics you get... and offer... in copper You will ‘R gives you more to 


many atile alloy talk about 


420 Lexington Avenue, New York 17,N. Y. 


‘ FC}N A N nm ane ’ ECHN ‘ 


COPPER OR ITS ALLOYS PROVIDE THESE ADVANTAGES: 


Best conductor of / Does not rust : hm Best heot transfer le ' Easy to machine Welds readily a 
electricity commercially } high corrosion % agent of oll Sl : form, draw, stamp 4 excetiem for _" 
7] 


polish, plate, etc —> y soldering and brazing ¥ 


available sont resistance commercial metals 
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Shop-talk among engineers in 

various industries is pre iding the 
good news about the Phillips Plan 

a pecial combination of engineering 
skill* and personal service. To put 
the skids under a sluggish rela 
problem, contact Phillips. Write u 
or call your local Phillips m 


prompt consultation 


FOR EXAMPLE: 

Phillips Engineered Relays 
meet the highly critical 
requirements of radar 


tracking equipment, 


TYPE 330A Mult 
contact relay, using short 
coil for economy in size 
and weight. O D 

1-1/4" W an 2-1/2° 1 


40006 TYPE 4 
Enclosed relay. Octal 
plug. OD. 1-5/8" 
diameter x 2-19/64"° Hi 


MULTI-CONTACT, POWER, HERMETICALLY SEALED RELAYS ACTUATORS 


PHILLIPS 


A THOR CORPORATION SUBSIDIARY 
PHILLIPS CONTROL CORPORATION . . . JOLIET, ILLINOIS 


SALES OFFICES: NEW YORK PHILADELPHIA - SAN FRANCISCO - DENVER SEATTLE 
SANTA MONICA - CLEVELAND - DALLAS - BOSTON . WASHINGTON 


gland ring is forced into a tight and 
enduring grip on the conduit. Need for 
threading ind bending conduit is 
eliminated. Connection to the box is 
made through a standard lock nut 

No-thread connectors are made of 
malleable iron. The gland ring is steel; 
90 and 45 deg variations can be sup 
plied for rigid conduit sizes from 1 to 
114 in. Electrical Fittings Corp., 37-50 
57th St., Woodside 77, N. Y. 
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MOMENTARY-ACTION-TYPE 
PUSHBUTTON SWITCH 


Momentary 1clion - type pushbutton 
switch, Series 571, has its plunges 
mounted on phenolic rollers, resulting 


in smooth operation. Only 


depth behind the panel is required 
Palladium contacts are standard, rated 
at 3 or 5 amp, 110 volts a-c (non- 
inductive ) 

Standard operating buttons are of 
black molded plastics  snap-fitted; 
colors, engravings and special designs 
are also available. William Schaller 
Co., Inc., 270 Farmington Ave., Hart 
ford 5, Conn 
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SUBMINIATURE FLAT WIRE- 
WOUND PRECISION RESISTORS 


Series 3014 resistors are supplied in 


sizes from '. in. x '4 in. x “8x in. to 


14 in. x 84 In. xX “SQ in. In single units, 
multiple strips or stacks with center 


mounting hole for through bolt mount 


= a= 8. 
ings They can be supplied with 


terminals, axial or radial leads. Wind 


ing forms and strip material make use 


of the same epoxy resins All resistors 
are completely encapsulated. Ratings 
from 0.1 watt to 0.750 watt. Standard 
tolerances | per cent. Spec ial tolerances 
available to 0.05 per cent 

Flat base is provided for flush rapid 
mounting on etched circuit boards. The 
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GE VALUE ANALYSTS SAVE 80% 


COMBINE SMALL GRC ZINC DIE CAST 
AND MOLDED NYLON MATING PARTS 


Informative Die Casting Bulletin 
Gives Examples, Facts from Gries 


Gri fact-filled 


many e) 


bulletir 
GR¢ 
part 


die 
amples of 
you! 


casting 
now 


mall 


now 
may heip you olve 
probiem 


It also tell 


rineering ervice 


GRC’s 

for the 
Send for 
end prints 
quantitie of 
millions-completely 


about design en 
solution of 
thi pul 
for prompt 
100,000 to 

trimmed, 
re ady to use, pre 
cision made die 
cast parts. Small 
ness of 
casting 
limited 


pecifie pre 


Hwiem 
etin today or, 
quotatio! on 


many 


Gries di 


Pmuin 


Gries’ Tiny Molded Plastic Parts 
Offer Wide Design Latitude 


rhe 


Grie 


infinite possibilities offered by 
’ methods in molding tiny plastic 
parts offer design engineers almost un 
imited latitude in their designs 

GRC molds all thermoplastic Nylon, 
Kel-F, acetates, polysty 
ene, etc., with Nylon a specialty. Max 
imum length 1% maximum weight 
03 0z; minimum unlimited 

A new bulletin is now available piving 
omplete details of Plastic 
Molding Division. Send today 


rene, polyethy 


Grie 
for it 


Gries Reproducer Offers 
Complete Production Facilities 


offered 
plant are complete 
r performing 
such as tapping, 
assembling, reaming, and 
‘hining. Practically all 
finishes can be applied in 
ialized plating department 


Included in the many facilities 
it the modern Grie 
lepartments f 
»perations 


econdary 
drilling, 
pecial ma 
commercial 


GRC’ pe 


GRC will be at the Design Engineering Show; 


BOOTH 235-237 
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Gries and 


part, 


molded ny 
blanket 
machine 


ion nut 
control 


parts. 


zine 
electric 
screw 


alioy ad 


at one-fifth th 


for GE 
expensive 


e casting form 


cost 


mating units 
of the original 


General Electric utilizes Gries ingenuity—buys Electric Blanket Control 


parts at 1/5 former cost. 


Value Analysts at GE’s Automatic Blanket Division consulted Gries 


Reproducer Corp. in an effort to 
lower cost and improve design 
of their manufactured products. 
One result: over 80% savings 
on the two intricate parts illus- 
trated above now produced as 
zinc alloy die cast and molded 
Nylon mating parts. 


Gries’ exclusive 
possible to 

a former 
threads, hol 


technigq le 
die cast the 


crew 


made 

threaded shaft 
part wit! 
and metal-sav 
integral 
asting, delivered ready 
The GR¢ N 


per al 


machine 
ing’ i! 
part of the 
for 
part, form« rl 
machine pras nut 


integral piece 


lentatior a 
use 
yion 
crev 


now molded in on 


j re 
— t + 
ybei be = 


erry 
pemeaeet eernre 


BACK COVE! 


molded 
nation 
part 


thread 

onl results in 
but the 
two compo 


nternal 
not 
performance 
aving on tnese 
over BUC, 

only one ex 
pe ol 


nethods are 


ample of 
that 
affording industrie 
production of better and 
mical small part 
illustrate 


ource of 


the many 
’ unique 
in the 


eco 


avings Giri 


more 
well 


can 


dif 


how 
upply, 


parts, even of 


‘ ample 
ingle 


ely “mate” 


a a 


erent material 
GRC ap 


ipply 


demonstrates it 
dustry with 
t vith add 
and uperior 


ail ability to 
tiny parts at 
tional built-ir 


performance 


N ¢ CO 


GRIES REPRODUCER coRP. ALLL AA 


149 Beechwood Ave., New Rochelle, N. Y © NEw Rochelle 3-8600 [Z (A) 
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G-E general purpose control 


GIANT SAW EQUIPPED WITH G-E CONTROL 
SLICES 3'2-FOOT ALUMINUM INGOTS 


This speciall 


largest of its kind ¢ 


gned high-speed circular saw, one of the 
ver manufactured, is installed in the U.S 
Air Force plant No operated for the Air Force by 
Aluminum Company o erica and located in Cleveland 
Ohi The saw ci im ingots up to 43 inches thick 


n preparation for the ig of wing spars for jet aircraft 


Manufactured by Motch and Merryweather, the huge 
equipped with General Electric control 


panel shown here 


Saw 15 


The main control 
custom-made 


for this particular applica 
tion, yet contains standard high-quality G-E relays 


magnetic 
contactors and starters 


ces 





on machines for industry 


G-E Oil-tight Push Buttons 
Control 23 Operations on Giant Saw 


Motch and Merryweather engineers specified G-E oil-tight 
push buttons for this giant saw because of their exceptionally 
long service life, and their ability to keep out the fine alumi 
num chips which might cause ordinary push buttons to fail 
Also, the proved dependability of these pushbutton units 


assured customer satisfaction 


Twenty-three push buttons and selector switches were 
mounted in the separate control station, shown at right. The 
Motch and Merryweather engineers found the brilliantly 
colored pushbutton rings helped achieve the modern, stream 


lined appearance of this colorful machine 


Why don’t you check into the possibility of using G-E oil-tight 
push buttons for your machines? Write for bulletin GEA-5779, 
Section 731-1, or contact your nearest G-E Apparatus Sales 
Office or Distributor 


GENERAL @@ ELECTRIC 


BLOOMINGTON, ILLINOIS 


COMPLETE SELECTION—UNEQUALED FLEXIBILITY—WITH G-E OIL-TIGHT PUSH BUTTONS 


UNEQUALED FLEXIBILITY is provided. The same contact block can be COMPLETE SELECTION of push buttons, selector switches, and indicating 
used either singly or in combination with all of the separable operators lights is available. Using various arrangements of color rings, opera 
The glass lenses for all the indicating lights are also interchangeable tors, and contact blocks, hundreds of combinations are available 





units are designed and built to with- 
stand ambient temperatures up to 125 
C. They are said to meet test require 
ments of MIL-R93 Amendment 3. R. ¢ 
L.. Manufacturing Co., New Jersey Ave 
P. O. Box 25, Riverside, N. J 
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TWIN POWER TRIODE 
FOR VOLTAGE REGULATION 


Iwin power! triode for voltage regula 
tion service Py pe 5998. is recommended 
for use when circuit conditions demand 


a tube with higher amipolifie ition factor 


than provided by maker's Type 6AS7G 
or the 6080. Features of the 5998 twi 


14 KY ee ee eee 
Mae Tae - 
vy 


¥ 


Now!...Phaostron 
custom panel 
meters are 


available in 
phonics, improved triode balance, re 


duction of plate current drift) and 


: absence of grid current. Electrical data 
specifications include: mu, 5.5; trans 
: conductance 14.000) micromhos; and 
{ >i additional ©o* 


plate dissipation, 14 watts per plate 
Chatham Electronics Div.. Gera Corp 
Dime-tested nal proven move 630 W. Mt. Pleasant Ave Livin 
micnt iiti-macnetye shielding f 4 — N J 

insulated zero vdyu trent ind : Circle No. 21, Reader Inquiry Service Cards 
preceding back cover 


ston 


fine accuracy are familiar feature 
ot Phaostron Custom Panel Meter 


now ( nething new has been 


ioe "x 6” rectangu ELECTROGRAPHITIC BRUSHES 
COLOR-CUSTOMIZED PANELS vith mirrored scale 


Series of electrographitic brushes for 
Handsome harmonizing colors that 7 d-c and a-c commutator motors and 
will give a touch of distinction to J ~ , generators have a higher cross resist 
our equipment Send us a color / ‘ ance through their thickne than 
itch and we will make Phao Pe through their length or width. This 
color-customized pane ls to “laminated” construction was formerly 


and at no extra cost! only available in resin bonded grades 


d meter 


Phaostron Instrument & Electronic Co. 


he) 1) oT ee SOUTH FPAGADENA. CALIF 
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“ —— TAPS FOR 
081” 0.0. Y TESTED AT Rs 


‘ ~~ PARALLEL 


INSULATION OR SERIES 
CIRCUITS 


exctusive’ ELECTRO TEC recuniques 


insure closer tolerances, absolute uniformity, 
and the ultimate in miniaturization 


Electro Tec units are the product of an exclusive manufacturing 
technique that results in accuracy unattainable by conventional 
fabricating methods. In this process a plastic is moulded around 
the wire leads. Accurate machining reduces this blank to the 
proper shape, complete with grooves. Hard silver is deposited into 
the grooves by electroplating to produce the required rings. Final 
machining insures concentricity and dimensional accuracy. The 
result is one-piece, unitized construction with conducting rings of 
70 to 95 Brinell hardness. 

Diameters of these assemblies range from .045° to 24° cylindrical 
or flat. Cross-sections may range from .005° to .060° or more. 
Rings are polished to a jewel-like finish and can be held to 4 
micro-inches or better. Even the smallest sizes withstand a 1000 
V.A.C. breakdown test. Most types easily withstand rotational 
speeds up to 12000 rpm. 


ELECTRO TEC Assemblies are Specified by the Nation's 
Leading Precision Instrument and Equipment Manufacturers for Proven 
Greater Dependability, Longer Life, Smoother Functioning. 

The uniformly superior performance of Electro Tec slip ring and 
commutator assemblies in thousands of industrial and govern- 
mental applications has resulted in wide adoption of these com- 
ponent units by most leading manufacturers of precision instru- 
ments and equipment. Although these products provide improved 
performance and extra dependability, prices are strictly com- 
petitive. Write today for fully illustrated literature. 


ELECTRO TEC CORPORATION 


$O. HACKENSACK NEW JERSEY 


PRODUCTS OF PRECISION CRAFTSMANSHIP BY A NEW AND REVOLUTIONARY PROCESS 
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13. RINGS 


CONCENTRICITY 


003” 


“V" GROOVE 


SILVER ON 
ONE PIECE 
NYLON FORM 


RINGS 
ANCHORED 
IN DOVETAIL 


8 FLAT 

RINGS 

WITHIN 
5%” RADIUS 


* ONE PIECE, UNITIZED CON- 
STRUCTION 


* ABSOLUTE MINIMUM TORQUE 
FRICTION 


* DIAMETERS FROM .045” TO 
24.0” 


* MINIMUM 1000 V.A.C. HI- 
POT INTER-CIRCUIT 


* UNIFORMLY HARD SILVER 
RINGS PLATED INTO GROOVES 
ON PRECISION MACHINED 
ONE PIECE PLASTIC FORM 


* SPECIAL SURFACE DEPOSITS 
PREVENT TARNISH, MINIMIZE 
FRICTION, BRUSH NOISE AND 
PRACTICALLY ELIMINATE WEAR 


“PAT. NO. 2,696,570 





HIGH QUALITY al aga ele Pi grange oy Mategy 


pletely graphitized in its final form. 
Four grades are available: EG9O7B 


EG98B, EG9IIOB and CB22. The ma 
= terials have shown exceptional capa 
bilities on high speed, difheult 


com 


mutating machines. CB22 is designed 


SPOOLS AND REELS Meme 


motors where it has successfully com 


(ONE MORE EXAMPLE OF mutated motors at 25,000 rpm 
HUBBARD’S abe ABS nese ic — roa ee ra | ‘ead 
DESIGN ENGINEERING SKILL) en 


sparking. allowing the designer more 
leeway with overall heat considerations 
The Carbone Corp.. Boonton N J 
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Hubbard Spool Company 
designs and quantity produces custom MINIATURE WAFER SWITCH 
wire reels and spools for standard and 
. ° ee toe MEASURES ONLY 
highly specialized applications. Mechan- 1-34 IN. SQUARE 
ical, electrochemical, finish and cost . ; 

° ° Miniature rotary switches for instru 
problems are a few considerations Te aucune 64 cidelieis aad 
solved daily for Hubbard customers. other electric and electroni ianlt a 
Write for data pages, or send your re- 


tions, are available in both shorting and 


quirements for immediate quotations. nonshorting types with from one to four 


Free data pages 


HUBBARD SPOOL CO. 


GARRETT Cf INDIANA 


poles per deck and 2 to 32. position 
per deck. Up to six decks may be 
yanged easily adjusted stop limits 
switch rotation to less than the maxi 
mum number of positions, if desired 
Positive indexing, regardless of — the 
number of decks used, is provided by 
two stainless steel ball bearings held 
in a circular, flat, stainless steel spring 
Porque is from 3 to 5 in.-lb for a singh 
deck — switch Dimensions yin 
square, with a back-panel depth of 1 
in. for the first deck, plus °%.% in. depth 
for each additional deck. Switches may 


YOUR COMPETITOR’S EYE will be quick to see prof- be mounted by the conventional shaft 


7 : ; bushing or flush-mounted to the panel 
itable new plastics applications at the NATIONAL PLASTICS EX- 


by using two holes in the front plate 
POSITION, New materials, new uses, new equipment—to see 

and feel. All that’s new in plastics at New York, June 11-15. tact arms with individual spring action 
Special conferences, too. Don’t you miss it. Write for tickets provide a uniformly low contact re 
today. On your company letter- sistance of 0.0015 ohm or less, Nominal 
head, please. Sorry, not open to contact breaking capacity is 5 amp at 
general public. 


Iwo self-cleaning, self-aligning con 


125 volts a-c. Long wear and high 


, voltage breakdown lo ground Is 

é > ¢@ shaping achieved through use of a molded 
a > \d » tomorrow's nylon switch plate bushing. Use of 
uve products 


silicone fibrous glass switch plates pro 
at the new New York Coliseum one ro p p 


° ° e.¢ vides high insulation resistance, high 
7th National Plastics Exposition sponsored by constant operating temperature (200 
The Society of the Plastics Industry, Inc., 250 Park Avenue, New York, N. C), high mechanical strength, and low 
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CTRICAL MANUFACTURING 





| 


aU 
SFOR 
CoA 

’ Pino, 


pe 


ACCURACY 7 MINUTES -- 


Primary Secondary 
impedance Impedance Secondary 
Function Type Primary Excitation Input Input Secondary Primary Secondary Output Primary impedance Secondary Phase Sensitivity Accuracy 
Number Element Voltage Current Power Open Resistance Element Voltage Open Primary Resistance Smit my /deg. Minutes 
400 cy ma (Watts) Phase) (lime) Phase Shorted (line) Degiees Ma 


CGC-8-A-? Rotor 26.0 100 90 


1 Phase 


CTC-8-A-1 tator 


3 Phase 


CTC-8-A-4 Stator 


3 Phase 


Stator 


j 2 Phase 
) Rotor 


J 


Differential ) Rotor 


/ Stator 
Total Null max. 30mv for each 


, *Torque 2600 mg.-mm ./degree from CGC-8-A-7 
Also available in 115v 400 cy. primary, 90v secondary Transmitters, C.T.'s, Receivers 


LOOK TO In equipment which must be flown, why load on extra weight? 
n a Clifton's new Size 8 Synchros con take the place of larger units at very significant saving in bulk and weight 
q rb These new Size 8's are now in use in some of the latest and lightest avionic equipment, 


Samples are available from stock, quantities from the production line 


CLIFTON PRECISION PRODUCTS CO. INC. 


R 
FOR SYNCHRO PROGRESS CLIFTON HEIGHTS PENNSYLVANIA 
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Designed for Production and Accuracy 


TOROYD WINDING MACHINES 
by UNIVERSAL -iiliside, nN. 4. 


Toroidal coils are no longer a problem when you standardize on 
UNIVERSAL ‘Toroyd Winding Machines that are designed for 
quantity production and 100% turn accuracy. Quick set up and 
fast operation are possible because these have been so simplified 
that even unskilled operators can be used. The Toroyd Winding 
Machines are made by UNIVERSAL of Hillside, noted manufac- 
turer of precision instruments and special machines. Lower your 
coil costs, look into the Toroyd series now. 


6 Models 

to Wind 

#40 to #5 
Wire 


SOME QUICK FACTS: een ee 


9 @ Winds tighter than any other machine known; 
@ Syncronized wire feeding reduces wire breakage 
to minim, 


@ beeds automatic and semi-automatic in both di- 


rections Automatic sectional winding from 
0-270 as well as 560° continous winding 


@ Coils Lanniges adjust and centers automatically to 
height of core 
@ 100 turn accuracy is maintained 


@ bingertip opening and closing of shuttle gear 
and magazine 


@ Poroyd winding machines can be adapted to 
your special requirements 


THE 


Tes RESYD 


WINDING MACHINE 
“ACCURACY IS A UNIVERSAL ‘YORD” moe 


UNIVERSAL MFG. CO 


ee 
UNIVERSAL qf)sanuracrunnc COMPANY, INC. 


410 Hillside Ave., Hillside, N. J. 
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moisture absorption. Shallcross Manu- 
facturing Co., 520 Pusev Ave.. Colling 
dale Pa 
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PLUG-IN 400-CYCLE 
SERVO AMPLIFIERS 


Plug-in 400-cycle electronic servo ampli 
‘ 

hers are designed to drive a wide range 

of instrument motors in aireratt) and 


missile servo systems. Units are avail 


oe 


able in 2. 4 and 10 watt ranges and are 
packaged for simple installation 

All 400-cycle amplifiers are designed 
to meet applicable USAF specifications 
Servo mechanisms, Ine., Kastern Com 
ponents Div., 625 Main St., Westbury 
Long Island. N. Y 
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MULTI-PURPOSE VALVE 


Built to JIC standards, The Comet II 
multipurpose valve incorporates ad 
vantages of speed, size and weight into 
a fast operating, lightweight aluminum 
valve 

Phe baste valve design provide 
more than 100 model variations for a 
wide range of air and oil pressure 
application 

The valve complete i valve cycle 
within 0.033 see. It is engineered and 
built te toleranes of O.OOOL in. The 
Comet UL is available with 44 or “%< 
in. pipe tap for inline, manifold or 
base mounted: in single solenoid “pring 
return, double solenoid momentary and 
double solenoid three position These 
solenoid direct operated four-way -pool 
type valve arrangements can be easily 
used for straight-way or three-way 
functions by plugging ports 


1 
Dimensions i lf, 
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Laminate is shown 
in actual size, 


Textolite 


2053 HOT PUNCH LAMINATE 


G-E Textolite 2053, a phenolic paper base 
three important terminal board functior 
ced (;-] general purpose fr ictional hor } 

rs As the motor nerve center it ipports a) the 
internal and external connectior b) the switch that 
starts and runs the motor; and the overload 


Hot punched in a thickness of % Textolite 2053 has The Nerve Center of the 


excellent strength to support these components under \N h a“ 

external bration without cracking, and  necess G-E Years A ea FHP Motors 
tability to maintain the switching operations over 

periods of time, under all operating conditions 


test runs up to 3 million switching operations without 
failure.) 


The superior punching properties of G-E Textolite 
permits close tolerance punching Accurate hole siz 
are maintained at minimum distances without fracturing 
the laminate The arc resistance of the material allow 
close arrangement of the electrical components, mini 
mizing the possibility of carbon tracks causing motor 
failure 


G-E Textolite 2053 offers many opportunities for use in 
terminal strips and boards, sockets, spacers, panels and 
contactors. Make sure YOU get all the important facts 
on G-E Textolite 2053 hot punch laminate 


Advanced design Genera Terminal board o Texto 
Electric general purpose ca lite 2053 hot punch laminate 
pacitor start fractional horse forms the erve center of 


When the properties have to be right... power motor ime moter 
Specify G-E Textolite® 


Gereral Electric Company 


Laminated and Insulating Products Department 
Section EML-56, Coshocton, Ohio 
Please send me technical data on G-E Textolite 2053 
hot punch laminate 
Please have your representative call 
Name 


Title 


Firm 


State 
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THE i [wine 
THAT GIVES YOU... 


Electrical and Heat 
Conductivity of Copper 
plus Heat Resistance of Nickel 


ALLOY'’S NICKEL-CLAD 
COPPER WIRE 


A core of high conductivity oxygen-free copper, metallurgi- 
cally bonded to a sheathing of “A” Nickel — that’s Alloy’s 
Nickel-Clad Copper Wire. Widely used in aircraft industry 
for spark plug electrodes and bunched instrument wiring, 


this bimetal wire offers the design engineer a versatile tool 
for many other electrical and heat-transfer applications. 

Nickel-Clad Copper Wire can be obtained in almost any 
variation of copper core and nickel sheathing. Two grades— 
27% Nickel and 64% Nickel are in general use today. 
Additional combinations will be made to your specifications. 

Other clad-metal wires are also available, including 
Inconel-Clad Copper and Inconel-Clad Nickel. 


For complete engineering and ap- 


Sap). 
* 


plication data on our Nickel-Clad 
Copper Wire, send today for Technical 
Bulletin T-3. 


ALLOY METAL WIRE DIVISION 


H. K. PORTER COMPANY, INC. 


Prospect Park, 


Pennsylvania 


Flow capacity is equal to a 44 in. diam 
hole. Ross Operating Valve Co., East 
Golden Gage Ave., Detroit 3, Mich 
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HIGH-PRESSURE SEAL FOR 
MILITARY INDICATOR 
LIGHTS 


Transparent, high-pressure sealing boot 
especially designed to fit standard AN 
indicator lights is made of transparent 


silicone rubber bonded to an internal 


nut. It has an integral gasket rib which 
seats against the panel surface to keep 
out dust. moisture, vapors and similar 
contaminants 

These units, originally designed for 
Naval Ordnance applications, are de 
signated Series 4000. The units are 
mounted by means of an adapter-nut 
which replaces the standard panel 
mounting nut. The boot is then installed 
over the mounting nut and completely 
encloses the light. After installation, the 
lamp filament and the “press-to-test” 
markings can easily be seen through the 
clear silicone rubber 

Indicator light boots are furnished in 
APM-4080 fits type AM 
$157 indicator lights; APM-4080-2 fits 
type MS 25041 lights 


range of the boot material 100 to 500 


Iwo models 
Pemperature 
KF. Sealing boot is impervious to. salt 
Automatic & 


Precision Manufacturing Co., 252 Haw 


thorne Ave.. Yonkers, N. Y 


water acids and ozone 


PUSHBUTTON AND SELECTOR 
SWITCH STATIONS 


Explosion-proof and dust tight stand 
ard-duty EFS and heavy-duty HEFS 
pushbutton and selector switch stations 
are available in surface mounting types 
for control circuits of 600 volts a-c max 
for use in hazardous locations, Class | 
groups C and D 

Both standard and heavy duty Ly pes 
are furnished in a variety of single and 
two element stations single or double 
pushbutton, single selector switch, or 


single pushbutton and selector switch 





HERE S WHY DU PONT MYLAR’ IS 
GOOD NEWS AT WESTINGHOUSE! 


SMALLER, MORE DURABLE MOTORS. “Slot liners and phase 
separators made with ‘Mylar’ are thinner yet stronger .. . 
contribute to motor-size reductions,’’ reports Westinghouse. 
“**Mylar’ makes possible insulation with 7 times the physical 
strength and no reduction in dielectric strength when com- 
pared with conventional insulation—helps us obtain smaller, 
lighter motors that last up to 50°, longer.”’ 


a 
ELIMINATES REJECT PROBLEM. ‘“‘When testing our 
‘Magamp’ magnetic amplifiers under humid conditions, a 
high reject rate occurred, But when we started using ‘Mylar’ 
as the insulating material,’’ Westinghouse engineers report, 
“the reject problem was completely eliminated. That's be- 
cause ‘Mylar’ combines moisture insensitivity with high 
dielectric strength.”’ 


Can “MYLAR” help you develop new products . . . improve established ones? 


These successful Westinghouse applications of 
*‘Mylar’’* are only two examples of the way industry 
is taking advantage of the unique balance of prop- 
erties in this tough, flexible, transparent film. Be- 
sides itscontribution to the electrical-electronics field, 
Du Pont ‘‘Mylar” is making possible better products 
for manufacturers in the automotive, construction, 
chemical, textile,sound recording, printing, and other 
major industries. 

Whether you make guided missiles or ladies’ hand- 


** Mylar” 


DU PONT 


MYLAR 


POLYESTER FILM 


READER INOUIRY CAKDs, PRECEHI 


is Du Pont’s registered trademark for its brand of polyester film, 


bags, ““Mylar’” may be able to help improve per- 
formance .. . increase the over-all value of your 
product. For more information on properties, appli- 
cations and types of ‘“‘Mylar’’ available, send in the 
coupon below. Be sure to specify the application 
you have in mind. 


REG. U.S. DAT.OFF 
BETTER THINGS FOR BETTER LIVING . . . THROUGH CHEMISTRY 


In Canada, “Mylar” is sold by Du Pont Company of Canada Limited, 
Films Division, P. O. Box 660, Montreal, Quebec 


I. du Pont de Nemours & Co 
Film Dept., Room fm 
Please send your booklet 
and types of “Mylar 


Nemours Bidg., Wilmington 94, Del 


Ms-4) on properties, applications, 
polyester film available 


Application 
Name 
Firm 


Address 
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Profitable low-cost production starts on 
the drafting board. That's why electronic 
designers should know about EASY-FLO 
and SIL-FOS brazing. This widely used 
process is the key to amazing strength, 
speed and economy in the production of 
metal assemblies. And for many electronic 
assemblies, low-temperature EASY-FLO 
and SIL-FOS brazing offers these further 
important advantages: high electrical con- 
ductivity—strong resistance to corrosion— 
minimum danger of overheating when join- 
ing thin metals 
BEST WAY TO GET THE FACTS is from a field 
service engineer. He has the know-how to 
help you from design right through to pro- 
duction. Glad to send him, entirely without 


units. They are offered in either button- 
operated or rocker arm actuated me- 


chanisms. The actuated 


rocker arm 
types assure smooth, nontreezing opera 
tion under corrosive conditions. The de 
vices can be furnished in multi-gang 
and tandem units. Russell & Stoll Co., 
Inve 125 Barelay St Ne York 7, 
N. ¥ 
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SINGLE AND TWO-CIRCUIT 
TOGGLE SWITCHES 


obligation, Just write and say when. Specially 


recommended for use with 
power tools and small appliances, new 
line of toggle switches feature an in-line 
lever action 

Model 10 is a single-cireuin (SPST) 
switch equipped with wire leads perma 
terminals by 


nently fastened to the 


pressure connections Model 10-1 is sim 


A CASE IN POINT—in producing their line of 
Precision Microwave Test Equipment, the 
FXRF-R MACHINE WORKS, Inc., Long Island 
City, N. Y. do quite a bit of EASY-FLO and 
SIL-FOS brazing 

Typical jobs pictured are 

1. Klystron Tube Mount assembly for Micro- 
wave Spectrum Analyzer—6 EASY-FLO joints. 
2. Broadband Probe—the main body is 
EASY-FLO brazed to base and detector tee 
3. Wave Guide assembly for Direct Reading 
Frequency Meter—4 EASY-FLO joints. 


SK FOR THE FACTS IN PRINT GET BULLETIN 20 ilar, but is equipped with soldering lugs 


in place of the 6-in. wire leads Model 
It gives all the advantages of EASY-FLO and SIL-FOS brazing 10-1 


plus useful information about joint design and fast production 
brazing methods. Write for a copy, today. 


is equipped with screw-type ter 
minals 

Model 12 is similar to the Series 10 

switches except that it is a two-circuit 

unit designed for controlling either of 

oo) HAN DY & HAR MAN two circuits. It has no off position 


SS ; 
General Offices: 82 Fulton &1., New York 38, H.Y. $ ANGELES, Cau 
eOn'c Camagea 
DISTRIBUTORS IM PRINCIPAL CITIES 


mOnTetAL Canada 


The switches are rated 6 amp at 125 


a. 
volts, and are Underwriters’ Labora- 
Dimensions: 4o-in. 


tories inspected 





‘Ws new—an improved connector for 
liquid-tight flexible conduit 


(Sealtite or equivalent products) 


EXTRA STRONG 


HIGHLY EFFICIENT 
GROUND 


DISPLACED 4 
BENDING ACTION A 


\ PERMANENT SEAL 


PYLE-NATIONAL 


“CT” series Connectors offer all these advantages 


EXTRA STRONG GRIP 


e Compression force is supported—not by the con- 
duit alone—but also by the body shank, making 
a vise-like clamp. 

Gripping is well behind end of flexible conduit for 
firm anchorage against creeping loose. 

Pliable seamless sleeve makes a plastic-to-plastic 
grip with the conduit sheath...thereby avoids 
cutting and abrasion common to metal sleeves. 
High safety factor of compression range more than 
compensates for tolerance in the outside diameter 
of the flexible conduit. 


HIGHLY EFFICIENT GROUND 


@ Less than 10 millivolt drop. 


¢ Tapered grounding shank, integral with connector 
body, makes a firmly wedged contact with the 
flexible metal conduit. 


‘ 


~*~ ; 


THE PYLE-N 


Branch Office nd Aaents in Prine C s of 
TTT 1897 . : Re Sone amend caeniin a tne 


ndustr 


PLUGS AND RECEPTACLES + GYRALITES * TURBO -GENERATORS + FLOODLIGHTS » CONDUIT FITTINGS * MULTI 
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4 Export Department 


PERMANENT SEAL 


@ Plastic sleeve and conduit sheath have equivalent 
physical characteristics therefore the seal will last 
the life of the conduit, unimpaired by temperature 
variations within the limits of the conduit, 


DISPLACED BENDING ACTION 


@ Tapered grounding shank is elongated to extend 
beyond gland nut, thus avoiding short radius bends 
which shorten the life of the conduit sheath and 
more important the permanency of the joint. 


“CT” Series connectors can be installed assem- 
bled...no parts to lose...no wasted time. 
Available in straight, 45 degree and 90 degree 
types for %" to 2’ liquid-tight flexible conduit. 
Meet U/L and J.1.C. standards. 


TION 
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MPV ULC 


Sturdy, lightweight and inexpensive 
handles for any use are an Anchor spe 
APN MRO UES et) Ute UL 
to your specifications in any of ten 
thermoplastics, they can be ordered in 
an unlimited color and texture range 
solid or hollow, straight or formed, 


ay dit ame aL Le 


a ee a ae 


for quotation! 


ANCHOR PLASTICS 


etl td kL | oe 


36-36 36th Street 
Long Island City 6, N.Y. 
Precision Extruders of Thermoplastics 
TLL Le ee a 


VISIT OUR BOOTH 2327, NAT'L PLASTICS EXPOSITION 
WEW YORK COLISEUM, JUNE 11.15 


wide in. thick, and J-in. long. The 


‘tem has a in. diam and a 14-in 


length MeGill Manufacturing Co.. Ine 
150 N. ¢ ampbell St.. Valparaiso, Ind 


Circle No. 28, Reader Inquiry Service Cards 
preceding back cover 


INTERCHANGEABLE 
TERMINAL BLOCKS 
WITH ALUMINUM 
CURRENT-CARRYING PARTS 


Feature of new terminal blocks, j i 
il-aluminum connector, deve loped with 
the \luminum Corporation ot America 

Ihe terminal blocks, designated DB 
00, are rated up to 60 amp at 750 


volt kach unit consist ola one piece 


‘“ 


prount ind) barrier an end piece ind 


marking strip, Units are joined to form 
terminal block with any number of 
connection No through bolt long 


crews or individual barriers are used 

Custom-made terminal block can 
be quickly issembled out of tock 
without the use of tool The W 
Co.. Industrial Blde OL bast Pre 
st Baltimore 2. Md 
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INSERTS FOR 
PLASTICS MOLDING 


Threaded insert hor plasty rubber 


die casting and potting compound 


ine ivailable is tandara tock item 
Insert ire designed to be molded di 
rectly into the product; they require 


ne econdary operation lor imserting 


,oete 


or locking The insert ire knurled to 
prevent rotation, and to hold them in 
place idditional strength against pull 
out is obtained by two circular reliet 
bands on each insert. They are available 
i ive from No ) to in. in all 
regular thread size both NC and Ni 

Inserts are made in two series: tapped 


traight blind (Class 


through ina 


in produ? 


“Change jn Material’ 
“Change in Process”... . 


wchand® 


“Change in Volume”, . 


Can your 
machinery @&=™) 
meet the a 


> * 4 
challenge $i, a? 


of change? 

Sterling Speed-Trol Variable Speed 
Motors provide you with one of ir 

dustry’s greatest production advan 
tages —versatility of machinery and 
equipment. Only by adapting speed 
of machinery to changes in product, 
material, volume or to any othe 
factor influencing productivity and 
product quality can you have thi 

important competitive advantage of 
operating machinery at optimum ef 
ficiency under changing production 
conditions. Investigate the benefits 
of Speed-Trol Variable Speed Motors 
for your plant. They have your pro 
duction future built into them. 


Sterling Speed-Trol Variable Speed Motors 
Sterling Slo-Speed Gear Motors 

Sterling Constant Normal Speed Motors 
Sterling Multi-Mount Speed Reducers 
Write today for 

Sterling Speed-Trol 


Variable Speed Motor 
Bulletin No. 188 


ma 


ELECTRIC MOTORS 


LOS ANGELES 22 + CHICAGO 35 
iLL LUA ee ae) ae 





from face to terminal block 


ost 
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type 412 
TIME DELAY 
aks RELAY 
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~ 
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NEW—Repeat Accuracy within + 4 of 1% of 
full scale (30 sec. and longer ranges); + Y2 of 1% on faster 
timers. 


edi lieetieedl 


NEW—Full Vision Dial. 300degree scale assures 
precise settings and fast, accurate readings. Dial and pointers 
protected by transparent cover. 


NEW Contacts, rated 15 amps., give positive quick 
make, quick-break operation. Contacts are of silver cadmium 
oxide with ability to handle high inrush currents. 


bl 
a eee 


NEW Flexibility in wiring. Nine-position terminal block 


offers side or rear connection, presents a variety of wiring 
possibilities 


NEW Reset Shock Spring Design labora- 
tory tested for more than a million operations. 


NEW Friction Setting Mechaniam caliows 


adjustment even while timer is operating. 


NEW—Ratchet Clutch operated by powerful relay, 
provides instant acton, no slip. 


NEW O-Ring Retainer permits quick removal of 


bakelite housing, exposing entire timer mechanism. 


Timer driven by high torque (30 in. oz. at 1 r.p.m.) Cramer 
Type 112 Synchronous Motor. 


7 The R. W. CRAMER CO., 2c. 
Canes 


TIMING 
aa SPECIALISTS IN TIME CONTROL 


BOX 8, CENTERBROOK, CONNECTICUT 
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Contactors 


Motor Starting 
Eta 
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Relays 


Polarized 
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Your immediate needs for one or more 

relays of any kind are shipped from our greatly 
enlarged stock which includes hundreds of types 
in all popular contact arrangements and 

coil ratings 

Complete stocks of current standard types 

of leading manufacturers are maintained for 
your convenience 

All relays are new, inspected and 

unconditionally guaranteed to be as represented. 
24 hour delivery is routine. Phone us. 


Distributors For 
ADVANCE RELAYS 


All standard distributor types of Advance 


Relays are on hand in quantity. Save precious 
time order from Relay Sales! 


MORE THAN A MILLION 
DEPENDABLE RELAYS IN STOCK 


Products of the following well-known 
manufacturers are represented: Advance, Allied, 
Automatic Electric, Clare, Cutler Hammer, 

G.E., Guardian, Leach, Philtrol, Potter Brumfield, 
Price Bros., RBM, Sigma, Struthers Dunn, 
Terado, Western Electric and many others. 
Write, wire or phone for immediate quotations 


Phone West Chicago 1100 


RELAY SALES. INC. 


P.O. Box 186.B Route 64 at E.J. & E. RR. 
West Chicago, lilinois 


threads are standard, but Class 3 is 
available to order. All inserts are free 
from chips, and accurate hole sizes are 
maintained to facilitate mounting on 
pins of molding presses at time of 
installation. Standard material is brass, 
but may be made to order from steel, 
aluminum or stainless if desired. 
Standard Insert Co., 12270 Montague 
St., Pacoima, Calif. 
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6-DIGIT ELECTRIC 
IMPULSE COUNTER 


Six-digit electrical impulse counter with 
instantaneous electrical reset features a 
side angle brace construction for 
greater strength. Suitable for flush 


mounting, it measures only 1% in. x 


2 in. X 4)4 in. The standard six-digit 
models have a counting speed of up to 
10 impulses per sec. Special models are 
available with speeds up to 25 impulses 
per sec. Reset voltage may be different 
from the impulse voltage. Landis & Gyr, 
Ine I West 45 St.. New York 36 
N. ¥ 
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HEAT-SENSITIVE NAMEPLATE 
FOR CRINKLE AND 
UNEVEN SURFACES 


Anodized and etched aluminum = toil 
nameplate, tradenamed Therma-Cal, 1 
intended for use on crinkle, curved 
painted or uneven surfaces; the special 
ealing material produces a permanent 
bond without prior water soaking. To 
apply, the user simply peels off the 
paper liner which protects the bond 
ing adhesive places the nameplate or 
the product, and applies heat for 6 
se 

Nameplates can be furnished in a 
variety of designs and colors, per 
manently anodized and etched. The 
flexible aluminum nameplates are high 
ly resistant to abrasion and tempera 


ture variation, and are applied with 
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Anaconda specifies Enjay Butyl rubber 


TO DEFY OZONE IN HIGH-VOLTAGE CABLES... 


for more current per circuit...more power per dollar 


Anaconda specifies Enjay Butyl insulation for high 


-voltage cables be 
cause this rubber has incredible resistance to ozone. Surpassing the in- 
dustry’s standard three-hour specification test, Enjay Butyl insulation 
used by Anaconda showed no injury after 72 hours of ozone concentration 
test 24 times longer than specification requirements. Other rubber 
would deteriorate and crack in a fraction of this time 


With the help of Enjay Butyl, millions of feet of Anaconda’s cabl 


now in use deliver more current per circuit, more power per dollar 
Perhaps your product, too, can be improved with versatile Enjay 


Sutyl. It comes in non-staining grades for white and light-colored part 


offers excellent electrical properties, low price and immediate availability 


For full information, contact the Enjay Company. Complete laborator g U T Yy L 


facilities and technical assistance are at your service. 


al Le uper-durabie 
Pioneer in Petrochemicals h outet 


/ 
anding resi ines 


LDTASIO Ryrecaage reer nny ha. 
ENJAY COMPANY, INC., 15 West Sist Street, New York 19,N.Y. 


ind corona « chemic: 


0 


Other offices: Akron « Boston « Chicago « Los Angeles « Tulsa ¢ cold « sunlight « 
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THE PHENOLIC TUBING OF QUALITY 


Low moisture absorption .. . Dimensional stability 
. . . High dielectric strength . . . Low loss . 
Great physical strength . . . Good machinability. 


This combination of Clevelite’s ‘“Built-in-Quality” 


provides that extra protection for better product 
performance. 


Minimize rejects and inspection costs . . . for 
Quality of material and workmanship . . . specify 
Clevelite . .. the economical tubing! 


FAST DEPENDABLE SERVICE 


Write for your copy of our latest CLEVELITE brochure! 
Why pay more? For good quality .. . call CLEVELAND! 


*Reg. U.S. Pot. Off 


THE 


CLEVELAND CONTAINER ">; 


; ‘iM 

COMPANY hb” & 

6201 BARBERTON AVE. CLEVELAND 2, OHIO / 
PLANTS AND SALES OFFICES: 

CHICAGO « DETROIT « MEMPHIS « PLYMOUTH, WIS. - OGDENSBURG. HY + JAMESBURG, 1). « LOS ANGELES 


ABRASIVE DIVISION of CLEVELAND, OHIO 


Cleveiend Centeiner Coneda, Lid, Prescott and Terente, Ont 


Representatives: 
WEW YORK AREA: R 1. MURRAY, 604 CENTRAL AVE. EAST ORANGE, WJ 
WEW ENGLAND: & S. PETTIGREW & CO., 62 LA SALLE RD., WEST HARTFORD, CONN 
CHICAGO AREA: PLASTIC TUBING SALES, 5215 N. RAVENSWOOD AVE, CHICACO ® \4) 
WEST COAST: IRV. M. COCHRANE CO. 408 S. ALVARADO ST. LOS ANGELES Noe 


out drilling holes or using serews or 
rivets. Recommended applications: as 
nameplates on electronic equipment 
aircraft, and electric appliances, as well 
as on motors and instruments. The 
Therma-Cals will withstand tempera 
tures of up to 500 F. North Shore 
Nameplate Ine 214-27 Northern Blvd., 
Bayside, L.I., N. Y 
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DRY GAS FILLED 
SUBMINIATURE SNAP 
SWITCHES 


Subminiature snap switches are small 
dry gas filled hermetically sealed SPD1 
units. Designated the 6100 Series, they 
are rated at 5 amp resistive, 3 amp 
inductive, 2 amp motor load, either 28 
volts d-c or 110 volts a-« Electrical 
and mechanical life: 100,000) cycles 


Test reports are stated to show the 
6100 Series conforms to MIL-S-6743 
and vibration specification MIL-E-5272 
procedure | 

The series is available with either 
bracket or through-hole mounting plus 
potted lead wires good for 250 Ik 
Nickel silver housings are used for 
better salt spray resistance Haydon 
Switch Ine 536 South Leonard St 
Waterbury 20, Conn 
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ELECTROMAGNETIC CONTROL 


Electromagnetic control, the Reloid, is 
described as a totally enclosed switch 
ing device actuated by a plunger that 
combines the functions of a relay and 
a solenoid Linit is totally enclosed in 


a metal case with molded bakelite at 
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when Manhattan Island 
~ Tooks ‘ike this... 


Yes, the higher and faster aircraft and mis- 
siles fly, the more you need the kind of de- 
LEACH is One 


“special” relay, fitting comfortably in the 


pendability famous for. 
palm of your hand, can mean the difference 
between a successful mission and a lost plane. 

The unique problems brought about by 
higher and faster flight can only be solved by 
spec ial devices designed around their solu- 
tion . system designed. And that’s where 
Leach Relay has earned its industry-leading 
reputation; we invite the design challenges 
that others avoid .... build rather than avoid 
the “difficult” relays. Here, for example, are 
three serious aircraft problems and the Leach 
Relays (each a complete, hermetically sealed 


control package ) that solved them... . 


ON THE GROUND 


phased ground power could cause 


iIncorrec tly 


serious equipment damage 


LEACH’S ANSWER. . . 9243 Phase-Sequence Ke- 
lay, which includes a 3-phase stall torque motor 
and control switches. Unless the predetermined 
phase sequence is applied at normal voltage, the 


relay will not allow the main contactor to close, 


IN THE AIR 


from 


relays must operate 


low-level indicators (thermo- 
couples, subminiature tubes, small 


slip rings) and shock resistance is vital 


LEACH’S ANSWER 


relay and magnetic amplifier, is sensitive to 250 


9281, a combination of 


microwatts, is immune to shocks as great as 50 g. 


In addition it is compact and light 


ON COURSE 
drift if voltage input drops, but 
the back 


holds normal relays closed for 


gyro compasses 
EMF they generate 


15-30 minutes. 


LEACH’S ANSWER 9267, Close-Differential 


Relay, a combination of magnetic amplifier, recti 
fier 


voltage 


ind relay which warns the pilot of a drop in 


It is not affected by shock or vibration. 


LEACH CORPORATION | LEACH RELAY DIVISION 


HicTeicy 
Viotkhicl 
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the contact end to protect against mois- 

c) WT = /Aa\ ture, dust and impact. Three contact 
leads are equipped with AMP or 

Exclusive Bi-metal Development Douglas type terminals; coil has two 


Provides Extremely Efficient Starter Winding Relays, Overload Relays eee 


Units are available for any voltage 


and Circuit Breakers from 6 to 115 in either a-c or d-c. Con- 
tacts are rated up to 8 amp at 115 volts, 
non-inductive, Standard contact combi 
nation is single pole, double break. Unit 


y11 


is 2 in. x ‘42 in. x 12 in 
Applications: control of washing 


* special features machines, dryers, dish washers. re 


frigerators, heating units, air condi- 
Current ratings from 50 ma. to 25 . = — 


tioners, electric ranges and other major 
amp 
Calibration within 100 ma 


Tripping characteristic will self-align 


appliances; it is also useful in vending 
equipment and other equipment. Guard 
ian Electric Manufacturing Co., 1627-D 


W. Walnut St., Chicago 12, Il 
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to environment temperature condition 


Quick, positive break-——trip free 


All of the unusual advantages 
E-T-A controls offer stem from 


the use f a unique, closely con 
E.T-A Miniature Circuit : ss | : 


Breaker—-Bulletin 2 1ta/52 trolled bi-metal element which MOMENTARY CONTACT 


Combination A-P-S Starter t . sate oil to be 

Winding ond M-R Mote permits the heater coi to SWITCHES 

Protecting Relay provide wound directly ove! it This 

guaranteed rotection of . . 
windings Bulletin ™™ 3 method eliminate time lag Momentary-contact door switches are 


Triplex 3-phose Circuit common to controls with heater suitable for turning on lights in refrig- 
ae oe coil mounted adjacent to bi erators, vending machines, freezers and 

2b/53 metal strip as well as disad similar equipment Four terminal styles 
* reine ter the cehens Seimenseett vantages of magnetic relays are available: spade types; solder type; 


screw type; and with wire leads. And 


j * switches are suitable 0 nounting 
(Ss oSfo/a\ PRODUCTS COMPANY OF AMERICA these switches are suitable for mounting 
5085 NORTH ELSTON AVENUE. CHICAGO 50, ILLINOIS 


COSMO NYLON BOBBINS ARE - 
ONOMICA l es ean athe 


Designated the 800 Series, the switches 


cette 


are UL listed for momentary contact 


Low tooling charges keep prices with ratings of 14 amp 250 volts: 


i 4 


down, yet quality remains high amp 125 volts. Aleor Manufacturing 


Our automatic molding proce Co.. 4444 W. Roosevelt Rd.. Chicazo 
dure permits economical incor 4. TI 

poration of terminal designs into Cincte Me. 35, Reader tuaniey Service Conds 
the molded part. Thus, costly preceding back cover 
secondary operations are elimi 

nated and you gain further 


economies 


SHIELDED COIL FORM FOR 
If your specifications include di 
mensional stability, miniaturiza PRINTED CIRCUITS 
tion and high dielectric strength Designated as LS-12, shielded coil form 
\ 


GET THE FACTS ON COSMO for printed circuit use has a square 
NYLON BOBBINS shaped plated brass 


housing, whose 


~ ~ 2 , ; 1 > i 
Data brochure and samples sent dimensions are in. xX 4% in. x Y% in 


on request Inside the housing is a coil form with 


in internally adjustable powdered iron 


SALES OFFICES 


1110 $. Brentwood Blvd. 1607 West Howard $+ 57 Whitfield St 
$1. Levis, Missouri Chicago 26, Ilineis Guilford, Connecticut 
VOlunteer 1.3005 AMbossador 2.2708 Glendale 3.3762 


XOSMO 


PLASTICS COMPANY —Zjectin PArchters 


3239 WEST 14 STREET TOWER 1-5597 . CLEVELAND 9, OHIO 
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what makes this fastener 


DIFFERENT? 


Several things. Rollpin® is a slotted, chamfered, 
cylindrical spring pin which drives easily into a 
hole drilled to normal production standards. It 
locks securely in place, yet can be drifted out and 
reused whenever necessary. This eliminates 
special machining, tapping, and the need for hole 
reaming or precision tolerances. Rollpin replaces 
taper pins, straight pins and set screws; for many 
applications it will serve as a rivet, dowel 


hinge pin, cotter pin or stop pin. 


And here’s another difference that makes Rollpin 
the quality fastener in the field: ESNA‘’s quality 
control builds consistent strength and 
performance into every Rollpin. Rollpin is 


uniform as to shear strength, dimensions 


-_— hardness, and insertion and removal forces 
HOW YOU INSERT IT 


i eee 


| 


Drives easily by hammer, arbor press, or air Locks securely in place without using a sec 
cylinder and can be readily adapted to an ondary locking device; won't loosen despite im 
automatic hopper feed. Requires only a stand pact loading, stress reversals, or severe vibra 
ard hole, drilled to normal production-line tol tion 


Removes readily with a drift pin without dam 
age to pin or hole, can be used again and 


again in original hole 


erances 


HOW YOU SAVE 


You pay less for Rollpins than for most tapered, notched 
yvrooved or dowel pins. installation costs are substantially 
less than for any fastener requiring a precision fit or sec- 
ondary locking operations. 

Because of their tubular shape, Rollpins are lighter 
than solid pins. Production maintenance is reduced with 
Rollpins: they do not loosen and because of their spring 


iction they tend to conform to the drilled hole in which ELASTIC STOP NUT 


they re inserted, without material hole wear eliminating 


the necessity of re-drilling or using oversize pins, a CORPORATION OF AMERICA 


Dept. R40-522, 2330 Vauxhall Road, Union, New Jersey 


MATERIALS AND SIZES 


Rollpin Bulletin Here is.a drawing of our product 
Standard Rollpins are made from carbon steel and Ts pe Elastic Stop nut Bulletin What self-locking fastener would 
120 corrosion resistant steel. They’re also available in you suggest? 
beryllium copper for applications requiring exceptional ae Title 
resistance to corrosive attack, good « lectrical, anti-mag Firen 
netic, and non-sparking properties. Stock sizes range from Street 
062” to .500” in carbon and stainless steels City 
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What's YOUR 


Timing Device 


Requirement 


A TYPICAL 
EXAMPLE 


Series 7010 
Elapsed 
rime 


Indicator 


THE RIGHT MOTOR... unusually compact, 
fully enclosed mechanism, controlled lubrication, 
simple, accurate and dependable, operates in any 
position, 


THE RIGHT DESIGN .. . for any application 


because you can select from the full line of 
HAY DON STANDARD interval timers, time de- 
lay relays,cycle timers,and elapsed time indicators. 


THE RIGHT FACILITIES ... because HAYDON 
has the fully integrated engineering and manufac- 
turing facilities to produce and deliver quality on 
time . . . economically .. . in large or small lots. 


THE RIGHT SALES SERVICE .. . because 
the HAYDON Field Engineer in your area ts a 
Timing Specialist fully qualified to counsel you. 
He's listed in your Yellow Pages. Have him come 
in to discuss your requirements . . . or, if you prefer, 
write to us direct. 


*Trademark Reg. U.S. Patent Office 


HAYDON 


AT TORRINGTON 


A Subsidiary of General Time Corp 


MEADQUARTERS FOR 


HAYDON Manufacturing Company, Inc. 
TIMING i A ag 


2529 ELM STREET, TORRINGTON, CONN. 


core, tunable from top or bottom. The 
LS-12 mounts by two tabs that can be 
inserted through a printed circuit board 
and can be dip-soldered from one side 
of the board to complete installation. 

Equipped with two to six terminals, 
the LS-12 covers a wide range of ap- 
plications from simple RF for use with 
vacuum tube circuitry to IF transformer 
applications using transistors, where as 
many as six terminals may be required 
The unit has a cup core assembly. 
Cambridge Thermionie Corp., 453 Con 
cord Ave., Cambridge 38, Mass. 
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MINIATURE HYSTERESIS 
SYNCHRONOUS MOTOR 


Miniature hysteresis synchronous mo 
tors can be supplied for either 8000 
12,000, or 24,000 rpm speeds, With 
suitable phasing capacitors in the 
circuit, the motors are adaptable for a 
single, two or three phase supply 
Features of these motors include 


low vibration and noise level, with 


smooth full torque for starting and 
running the load up to speed. These 
units are particularly suited for gyro 
scopes where the ratio of inertia. to 
friction is high. J. B. Rea Co., 1723 
Cloverfield Blvd., Santa Monica, Calif 


Circle No. 37, Reader Inquiry Service Cards 
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LIGHTWEIGHT HANDLES 


Lightweight 


dles are designed to save storage 


snap-back recessed han 


space and to meet clearance, environ 

mental and physical test requirements 

of MIL-T-945A and MIL-T-4734 
Designed for use on instruments, 


electronic and = portable, and other 


° MB a4 »/ 
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Single-lead 
ge Terminals 


YY 
Available now 


to Engineers and Designers! 


NEW! OVER 100 PAGES! (CGap Multi-lead 


F-| HANDBOOK a 
and CATALOG «= @ = 


INCLUDES COMPLETE DATA Contains full 
electrical and mechanical data on over 500 standard types 
with a helpful discussion of accepted installation Plug-in 


techniques. Connectors 
REQUEST YOUR FREE COPY NOW This 

authoritative brochure will be particularly useful for de- 

sign, production and purchasing staffs for specifying, 

installing and ordering service-proven E-I glass-to-metal 

seals. To obtain your copy, just write E-I on your company 


letterhead. A copy will reach you promptly! Diode and 


Transistor 
Closures 


Crystal and 
Sub-miniature 
Closures 


Special 
Application 
and Custom 
Seals 


ELECTRICAL INDUSTRIES 4 


S Accepted 

44 SUMMER AVENUE, NEWARK 4, NEW JERSEY ee . 
a : Methods of 
» Installation 





equipmeni, the handles combine the 
strength of steel with the lightness 
of aluminum. 

1 he handles are rec essed when not 
in use. They open to 90 deg, which 
provides safer handling by eliminating 
the possibility of cutting or bruising 
fingers. A one-piece, nonmetallic sleeve 
provides comfortable gripping surface, 
allowing longer periods of carrying 
with less fatigue, and the riveted con 
struction and pre-cut holes lower initial 
cost and facilitate installation. 

Handles are available in three 
models: the SK-M-124A and SK-H 
124A of steel construction for load 


capacities from 200 to 350 Ib, and the 
smaller aluminum SK-M-T-300 for a 
75-lb capacity. Weights of the larger 


me t models are 0.786 Ib and 2084 Ib; 
pte as ers see 0.312 |b for the small. Skydne Inc, 
~— River Rd... Port Jervis, N.Y 


th ith Circle No. 38, Reader Inquiry Service Cards 
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Pienco 


MULTIPOLE RELAY 


Versatile, compact relay is available in 
pole combinations up to and including 


The smooth operation of 6 pole double throw. It is constructed 


fj hing reels and the smooth for a-( or d-« operation and has i hon 
rolling mobility of caster 
equipped furniture are assured 
with the high strength and long life 
of quality phenolic plastics. These are but 


two examples of the countless products that inductive contact rating of 15 amp (30 


make use of Plenco phenolics’ extreme resistance amp double-break) at 24 volts d-c ot 
115 volts unt 

to chemicals, temperature changes and abrasion Features of the Series 2100 relay in 

clude pin-type hinge and large size con 

tacts. Relay is designed to meet military 

Vianufacturers and molders rely upon Plenco specifications and UL standards and is 


to provide phenolics that measure up to the | suited for motor starting and lamp 
loads. Open or hermetically sealed styles 

I 
most exacting demands. A never-ending are available. Price Electric Corp 


program of research, testing and special services Frederick, Md 
Circle No. 39, Reader Inquiry Service Cards 
is conducted by Plenco to improve production preceding back cover 


techniques and expand your profits 


We'll welcome the opportunity to show you | LOW-POWER RESISTORS 
PI : ; | SERVICEABLE TO 270 C 


how much Plenco phenolic molding 
Low power resistors tor ¢ lectronies and 


i 
compounds and resins can improve you! product | communications equipment are ivail 


able with an insulating protective coat 


ing providing a dielectric breakdown 


PLASTICS 
ENGINEERING 
COMPANY 


Sheboygan, Wisconsin 


ea 
a 


MAY 1956 ELECTRICAL MANUFACTURING 





MAMAN “Gossvaeas 
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Can Solve Your Adjustable Speed Problems 


Dynamatic electronic controls with their 
simplicity, low maintenance, easy acces 
sibility, and small space requirements, 
when used with Dynamatic Eddy-Current 
Drives, provide the solution to most ad 
justable speed drive problems 


The excitation required by Dynamat 
eddy-current equipment is of very small 
magnitude compared to the drive capac 
ity. For example, a 440 watt control is 
capable of controlling the torque or 
speed output of a 400 HP drive. Control 
and excitation power is taken directly 
from AC lines without the need of cum 
bersome and complicated convertors, with 
their installation, ventilation, and main 
tenance problems 


Since the control elements have a very 
high amplification factor, even the largest 
couplings may be easily and conveniently 
controlled with small adjusting poten 
trometers 


Standard electronic control package with hinged cover and 
chassis for easy accessibility to control components, All 
resistors and condensers are embedded in an easily re 
placed assembly The drive motor starter can also mount 


n the control enclosure, which measures 25” x 19” x 14” 


Direct current excitation applied to the A permanent magnet alternator, driven 

Dynamatic Drive coil modulates the by the output shaft of the Dynamat 

strength of the magnetic fields and con Drive, generates a voltage in direct pro 

: sequently, the amount of torque devel portion to speed. This voltage directed 

oped at any rate of slip between the to the electronic control is utilized to 

ee tr rotating input and output members. So maintain pre-set speed. With a reduction 
— that the drive may satisfy load and speed in load, speed tends to increase, but the 

p a “7 % demands, this direct current must be generator signals the control so that the 
varied automatically drive coil current decreases, slowing 

down the unit. Conversely, should the 


Because of the drive's small power de load increase. the drive tends to slow 


mands, rectification of easily available down so that the generator signal to the 
alternating current to direct current is a 
simple procedure. A gas-filled thyratron 
The small illustration shows the mini tube is all that is needed to accomplish 
mum of typical Components necessary to the conversion from AC to DC, A recti 
obtain adjustable speed with Dynamatic fier used in conjunction with the thyra Speed and load (current) control are two 
eddy-current equipment. Speed regulation tron tube, plus the highly inductive edd of the standard types of electronic con 
requirements on the order of 1/10 of 1 current drive coil, provides a smooth trols available. Because of the almost un 
per cent of drive top speed are easily flow of direct current as required b limited uses and adaptations of electronic 
and economically accomplished with suit the drive components, Many operations can be con 
ible control modifications. With low eniently controlled 
powered reliable electronic components, To obtain desired performance, a mean 
requirements to suit almost all drive of varying the amount of current to the 
problems are easily met without appre drive coil must be provided. The thyra 
ciably increasing the cost or size of the tron tube provides this function in that 
control components the grid of the tube, influenced by an AC 
rider wave imposed upon the DC grid 
The following outline of operation will voltage, permits a smooth change in Send for our 16-page Illustrated 
indicate the many advantages of this drive coil voltage from zero up to the s 
Dynamatic control equipment available maximum Bulletin on Electronic Controls 


DYNAMATIC DIVISION 
= MANUFACTURING COMPANY 
3307 FOURTEENTH AVENUE KENOSHA, WISCONSIN 
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electronic control automatically increases 
the current, permitting the drive to re 
turn to the pre-set speed 


such as tension, 
acceleration, braking, threading, jogging, 
speed matching, and many others where 
an electrical signal can be fed to the 
control equipment 





LOW and constant 
contact drop 
LOW 
electrical noise 
HIGH 
current density 
LONG life 


BRUSHES 
CONTACTS 


OLIP RINGS 


& Slip Ring Assemblies 


BRUSH HOLDERS, CONTACT ASSEMBLIES, 
BRUSH ASSEMBLIES 


? 


USED EXTENSIVELY IN 


SERVOS - GUN-FIRE CONTROLS 
TELEMETERING - ROTATING 
THERMOCOUPLE and STRAIN 
GAGE CIRCUITS - ROTATING 
JOINTS - DYNAMOTORS 


Wide range of grades available for standard 
and special applications. Call on ovr 40 years of 
design experience to help solve your problems 


OTHER GRAPHALLOY 
PRODUCTS: Unique (ott 


free) self-lubricating Bushings 
and Bearings (applicable — 450° 
te + 700°? , with expansion co 
efficient hall that of steel will not 
seize shoft at low temperature) 
Oill-tree Piston Rings, Seal Rings 
Thrust and Friction Washers 
Pump Vanes 





im 


a py 
GRAPHITE METALLIZING CORPORATION 
! 


1059 Nepperhan Ave. * YONKERS, NEW YORK 
] Please send date on Graphelicy BRUSHES end CONTACTS 


| 


Send dete on BUSHINGS 


of 900 volt rms. 


I he 
ivailable on Types 
} and LP-4 resistor 


init. 


insulating 
ris presently 
insulated 
available shortly 


film 


watt will be 


A silicone resin the coating ts 


ceable hot spot 
mperature for the resistor 
matel i) 


k 
if 


iM) te 


ipproxi 


LP-3 i 
extending to 
L.P-4 serie ind 4 


erie wil i lal 


istance range ol the from 


1) OOO ohn KH) O0O0 


» O00 ohm 
dara 
10 per cent 
Isture impery 
onstructed iD 
x ide Pyrex 


heat 


bonding i metally 


brand gla rod at 


(,la Works 


Circle Ne 0 


red 
Corning. N.Y 


Reader Inquiry 


Corning 


Service Card 


preceding back cover 


PANEL HANDLES 


Panel handle 


bra with 


ire made of hall-hard 
i polished nickel plated fin 
threaded 


a threaded washer 


ish and are available in the 


type, which includes 


ind a hex nut. They ivailable 


V4. I . 


itt ilso 


iniety of No 
ker 


aun 


ize that contain 
for installation 
tilable a 
19 South 


Angeles 22. Calif 


No. 41, Reader Inquiry Service Cards 
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Mednik Ave.. Lo 
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MAGNET AMPLIFIER RELA 
WEIGHS 6 OZ ' 


Mini iture 


wel 


magnety relay 


unplifer 
high sensitivity 

Designed tor 
guided missile iir-bye 


vhing © o7 


Vibration resistance 


if rine 


and cireutts employing photocell 


EO Charge 


Meas 
Magnets 


Day-long 
production 
charging in 
complete 
safety and 
comfort 


RECOMMENDED BY 
LEADING MAGNET MAKERS 


This high powered condenser discharge 
unit will saturate large Alnico and ceramic 
permanent magnets of any shape, using 
interchangeable, plug-in pulse transformers 
or wire-wound fixtures. 100,000 ampere 
turn output of basic unit can be increased to 
200,000 ampere-turns at any time by adding 
100 wf condenser banks and appropriate 
pulse transformer. Adapters for multi-pole 
rotors, rod, bar, ring and various other 
shapes are available 


Operates from regular 115 volt, 60-cycle 
line with only intermittent 10-ampere drain 
(the few seconds when condensers are 
charging). Mounted on casters for conven- 
ient mobility. Price of basic unit with pulse 
transformer is less than $2,000 


WE CAN HELP YOU 
Our 12 years of magnet charging 
experience is yours for the asking 
— send a sample magnet or sketch 
for free charging analysis 


Write for Technical and Application Data. 


PALE AL] 
LABORATORIES, INC. 
Boonton, New Jersey, U.S.A. 
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standard in its field 
the world over... 


Turbine for 
canister-type 
vacuum cleaner 


The outstanding quality and performance of the Lamb 
Electric vacuum cleaner motor, shown above, result from 
proper design and careful manufacture, by personnel 
having years of experience in the small motor field. 


High quality and controlled costs go hand-in-hand be- 


cause Our Company is equipped and organized to custom 
manufacture on a volume basis. 


Ask us to demonstrate the benefits of Lamb Electric 
special application motors for your products. 


THE LAMB ELECTRIC COMPANY °¢ KENT, OHIO 


in Canada: Lamb Electric—Division of 
Sangamo Company Ltd.—Leaside, Ontario 


Electr 


rractionac norserower MOTORS 


€ 


a 
GO 


Motor parts for 
auwcraft motor household appliances, 


Ruggedly constructed Lightweight motor for 


Intermittent high torque 
equipment motor, portable devices. 


Mf you are interested in any of the above motors 
write and we shall be glad to send full information. 





DEPENDABILITY... 


mee 


General Industries 
FRACTIONAL HP. MOTORS 


1/40 HP to 1/1100 HP 


Dependability ... for a lifetime of trouble- 
free performance, is a prime factor in every 


GENERAL INDUSTRIES FRACTIONAL HP MOTOR. 


® For an unfaltering, dependable lifetime of service, General 
Industries’ fractional hp. motors have no equal — that's just one 
reason why original equipment manufacturers have been relying 
on GI 1/40 hp to 1/1100 hp motors for over 25 years. They 
appreciate General Industries’ free design consultation service 
and prompt deliveries, too. When you have a fractional hp. re- 
quirement, you'll find that your best bet is to . . . specify Gl! 


Write for complete specifications and quantity-price quotations. 


ce 


MODEL B ! MODEL A ! MODEL C = MODELE 


45 e 4-coilshaded «+ )-pole, shaded pole + 2-pole, shaded pole * 4-pole, shaded pole 
pole AC Induction ° > Induction Type { AC Induction Type . AC Induction Type 


Write for Complete 
Specifications and 
Quantity - Price 


: . Quotations! 
MODEL O . MODEL D MODEL F 


9 


2-pole 
Reversible Type AC . r n io . Induction Type 
only (for 6, 12, © ; 

24 volts) 


apacitor ° » A-coilshaded ° le, shaded pole 


DEPARTMENT GL ¢ ELYRIA, OHIO 


sistors or thermistors, the relay fits in 
an envelope measuring only 144 in x 
2%4 in. The unit has a sensitivity of 80 
micro-watts for a zero to 5000-ohm 
resistance source, decreasing to 100 
microwatts for a 15,000-ohm source. It 
operates throughout an ambient tem 
perature range from 55 to 100 ¢ 
Contact life is 100,000 operations at 2 
amp (resistance) 

Relay has been designed to meet the 
requirements of MIL-R-5757C and MII 
F-5272A, including operation under 
vibration of 10 ¢g 


r 


from 5 to 500 eps in 
either the de-energized position or when 
energized with 80 microwatts 

The unit has no magnetic field and 
can be installed near other components 
without shielding. It requires no shock 
mounting. Hook-type terminals are 
standard, but other types can be sup 
plied when specified. The Liquidomete: 
Corp Skillman Ave. at 36 St.. Long 
Island City 1, N. Y 


Circle No. 42, Reader Inquiry Service Cards 
preceding back cover 


SUBMINIATURE CARBON 
FILM RESISTOR 


Designed for operation at low power 
levels and suitable for transistor cir 
cuitry, subminiature carbon film resistor 
is conservatively rated at ny watt. The 
chemo-carbon film is bonded to the 


cerami rod hy a spec ial process whir h 


is said to assure great affinity between 
film and ceramic base. Mounting is 
facilitated by the capless lead con 
struction and the thin size of the leads 
Capacity does not exceed 0.4 mmt meas 
ured at 800 eycles. Dimensions: length 
0.295 in.: diam, 0.114 in. Arnhold Ce 
ramics, Inc., | East 57th St., New York 
o SD 


Circle No 43, Reader Inquiry Service Card 
preceding back cover 


SEMI-RIGID EPOXY 


Modified epoxy resin system is designed 
specially for electronic insulation ap 
plications requiring a semi-rigid, lew 
modulus material that will still offe: 
high electrical resistance throughout the 


temperature range of —65 to at least 
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You can easily remove a single pole 


from any CLARK Type"PM’ Relay 


Each pole in the new CLARK heavy-duty relays is an integral 
unit that can be quickly removed or replaced from the front 
without disturbing other poles. You need disconnect only two 
wires and loosen one mounting screw—-regardless of the number 
of poles in the relay. Compare this with other types of relays 
where the whole device must be removed to accomplish the 
same thing. For example, with a conventional 6 pole relay 
14 wires and 3 mounting screws must be removed 

All terminals are located on the front. They are pressure” type, 
eliminating need for looping wire. Coil-changing and rnagnet 
replacement can also be done quickly from the front without A short circuit through one set of contacts is 


confined toa s gle pole and will not destroy 
removing relay from panel. ED POD Cae Wy BOS CaN 
the whole relay. Enclosed top protects from 


Write for Bulletin PL-7305 dust and dirt, and serves as wiring shelf 


he CLARK e CONTROLLER Comput 


Engineered Electrical Control } | 1 1146 East 152nd Street . . Cleveland 10, Ohio 


IN CANADA: CANADIAN CONTROLLERS,LIMITED ¢ MAIN OFFICES AND PLANT, TORONTO 


INQUIRY SERVICE DS, PRECEDING BA 
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HAGEN 
Cynchronous motors 


most powerful for its size 


Laminated rotor construction of the Model 50 Hagen Motor 


produces exceptionally high torque, bor example, the rotor 


torque at L RPM 


requiring from 5 to 10 times the power 


deve lops 10 ounce inches This motor is ideal 
for those applic ation 
of clock lype miniature motors Yet in spite ol its power, the 


motor is extremely compact: 


DIMENSIONS 
50 to 60 cycle 25 cycle 


3-3/32 3-1/16 


1-13/32 1-23/32 
Just a few of the many possibilities for use are: door chimes, 
laundry timers depth finders, animated displays, heating con 


trols, program clocks, fire alarm = systems, integrators, time 


Nlotor 
Wide selection of output 


switches, chart drive scoreboards potentiomet r drives 


may be mounted in any position 


speeds from 1800 to 1/6th RPM 


available 


Reversible and other models 
Send coupon for Bulletin No, 1055. 


MAIL COUPON TODAY 


HAGEN MANUFACTURING COMPANY, INC. 


Dept. EM.556, Moline, Illinois 


Bulletin 1055 on Hagen Synchr 


no 


300 F. Designated Epocast 15, it com- 
bines good flexibility with outstanding 
properties as a dielectric material. It 
offers a new low-strain-inducing insula- 
tion medium useful for electronic pot- 
ting, impregnating and encapsulating. 
Adhesion to metals, ceramic and glass 
is excellent; cure takes place at 
moderate temperatures. 

Other properties include: 

Dielectric constant, 3.4 

Loss factor at 110 ke 0.017 

Loss factor at 1.0 me 0.027 

Loss factor at 11.0 me 0.038 

Volume resistivity at 

300 F. ohm-em 
Elongation (tensile) 


10x 10! 


per cent 135 

Epocast 15 is offered as a two com- 
ponent clear impregnant, and as a two 
component filled potting and encap- 
sulating medium. Pot life: 3 to 4 days 
at 80 F. Cure: 6 hr at 200 F or 3 hi 
at 250 C. Furane Plastics. Inc., 4516 
Brazil St.. Los Angeles, Calif. 


Circle No. 44, Reader Inquiry Service Cards 
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4-WAY VALVE MADE 
TO JIC STANDARDS 


Designed to conform to JIC. specifica 
tions, new 4-way solenoid valve is pro 
duced for the control of air, water and 
light oil to 150 psi. The solenoid is 
inoperative when its cover is removed, 
and there is a manual override which is 


safe against accidental actuation, Con 


duit connector is threaded; pressure 
ring terminals are on 6-in. free leads. 
The solenoid and the junction box are 
protected by captive cover plates which 
seal them against airborne contamina 
tion. The cover plates are secured by 
captive screws, The valve can be quick 
ly removed from the sub-base by loosen- 
ing three body clamps. 

Pressure drop is said to be greatly 
reduced in the valve because the free 


port area approximates the pipe area 
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VARTEX 


pment Pome a0 ae 
= a to 
gal on 
. 
P 
f 


Tapes/ havihg exceptional elongatio 
suitedfor taping, harnessing irregula 


d wires. Phypical and 


) Other Vartex Products 





take your 
choice... 
of 
America’s 
largest 
eats 
PS Cla C3 
of 
Te by 
nuts 
Pitch ry 


é werylhing For 
‘ bastening 


~ 
~ 


One-stop fastening service—everything— 
. bolts, nuts, screws, rivets, washers—at one 
time, one place, with one order. That's how you 
get real buying economy. 
Call Sterling Bolt—or any of our 
distributors. 


See You At The inform-A-Show in Cleveland; Our Booth— +66 


STERLING BOLT COMPANY 


163 Weat Erie St.. Chicag 


ad 


10, Ill Phone: Superior 7-3000, Teletype CG 488 


MANUFACTURING PLANTS IN / CHICAGO « ST. LOUIS 


/ MILWAUKEE 
Available at these 


and other 


distributors EAST COAST BOLT AND NUT CO 


84-94 HUDSON ST... NEW YORK 13, N.Y 


PAN-PACIFIC SCREW AND BOLT CO, 
20! NEVIN AVE.. RICHMOND, CAL 


GULF COAST BOLT AND NUT CO TEXOKANA BOLT AND NUT CO PENN BOLT AND NUT CO 
1115 SILVER ST., HOUSTON 10, TEX. 1810S AKARDO ST., DALLAS |, TEX P.O. BOX 9967, PITTSBURGH 33, PA, 
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The valve can be converted to any 
practical current or voltage, a-c or d-c, 
by a imple coil change sSarksdale 
Valves, 5125 Alcoa Ave Leo Angeles 
8, Calif 


Circle No 45, Reader Inquiry Service Cord 
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MAGNETIC MEMORY 
CORE PLANES 


In new magnetic memory core planes 
the standard ly pe One Memory Frames 
have the conventional wiring scheme of 
One X, One Y, One Z, and One Sense 
winding through each core. Standard 
frame sizes are 10 cores x 10 cores 


16 cores 16 « s 3? cores x 3? cores 


and 64 cores x 64 cores Phe wired 
frames are available, using either Fer 
rami S-l or S-3 memory core 
Individual memory core ive com 
pletely inspected prior to assembly in 
the matrix After wiring has been 
complete 1. the trame ire electronically 
inspected fo insure that the memory 
matrix is within specifications. General 
Ceram Corp Keasbey N J 


Circle Ne 46, Reader Inquiry Servi 
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SOLDERLESS TERMINALS AND 
CONNECTORS 
New type 


olderles terminals ind 
connectors fit all crimping tools. A 
wide-range diameter insulation grip 
leeve means ease of application in all 
conditions ines crimping tool takes 
care of slack for smaller OD wire 

The terminals and connectors are 
aid to give firm and vibration-proof 
connections: barrels contain more \ 


type prooves tor better support ot wire 


ii 
% 
X ‘ 


Qt, 
ae 
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IN COMPUTERS.. 


“PATENTS 
PENDING 


One or a million, every 

core can be depended on 
for uniform electrical and 
mechanical characteristics 


General Ceramics has supplied all 
Square Hysteresis Loop Ferrite Cores 
for all of the presently operating large 
scale magnetic core memories. Our 
experience in manufacturing these 
millions of Ferrite Memory Rings is 
available to you to help solve your 
problems. We can supply you with 
unassembled and tested cores, or 
with fully assembled matrices to 

fit your needs. 


Diagram illustrates 
flux-current character 
istics of ferrite toroid 
with rectangular hys 
teresis loop. In 
tion to high volume 
resistivity and low loss 
factor, high efficiency 
is maintained at both 
high and low frequen- 
cies. Response time is 
app. 1.0 microsecond. 


addi 


fl 


l/ 
ff 
Pane 


St 
cl FERRAMIC.S-14 
ao + o + 
Specify FERRAMIC S-1* 
and S-3* Memory Cores — 
Developed and Produced 
by General Ceramics 


iti t 
Pha sa 


GENERAL OFFICES and PLANT: 


IT'S RELIABILITY THAT COUNTS! 


GENERAL CERAMICS 


MAGNETIC 


ENORY 
CORES '* 


General Ceramics initiated the development 
of Rectangular Hysteresis Loop Ferrites, for 
which it has applied for patents and which it 
markets under the name Ferramic S-1* and 
S-3*. The applicaticn of these materials to 
Computer Memories has so vastly improved the 
speed, accuracy and reliability that this system 
of memory is replacing all others. The 

reduction in initial installation costs and 
maintenance have further enhanced the value of 
this development and has so increased the 
reliability and speed of digital computers that the 
use of this type is becoming more and more wide spread. 


STANDARD CORE SIZES 


SMALL MEDIUM —_LARGE 
F-394 F-426 F-262 F-262 


080” 0.0 100” 0.0 375” 0.0 6 


050” 1.D 070” 1.D 187” 1.0 


025” THICK .030” THICK .125” THICK 


TABLE OF MAGNETIC PROPERTIES 


Initial permeability (1 Mc) 


FERRAMIC 
“gq” 


40 
515 


1780 


FERRAMIC 
ae 
45 
1800 


2000 
1920 
65 max. 
>A 
96 


Ho 


Maximum permeability (DC) pmax 


Saturation Flux Density Be 


(DC) gauss 
Retentivity (DC) gauss 1590 

1.5 max. 
Switching Time microseconds ] 
Br/Bs Ratio 0.90 


Maximum Squareness Ratio 
§ (—Im)/§ (im) 
2 


Optimum Magnetomotive 
Force (oersteds) 


Coercive Force oersteds 


Rs 0.8 95 


Hm 2.0 80 


For complete information call or write Dept. ME 


ICS CORPORATION 


EPHOWNE. VA ) 


KEASBEY, NEW JERSEY 


CERAM 


EY 6-51 


on 


MAKERS OF STEATITE, ALUMINA, ZIRCON, PORCELAIN, SOLDERSEAL TERMINALS, “ADVAC” HIGH TEMPERATURE SEALS, 
CHEMICAL STONEWARE, IMPERVIOUS GRAPHITE, FERRAMIC MAGNETIC CORES 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





FILL OUT COUPON 
FOR FACTS 


ad 


Title 


Comper’ 


ANN TN Es 
ersitciel 
aluminum 


Aluminum 


Fasteners 


davatlable at your local 


A mi OA distributor 


Barrel ve beveled ends 
injeertion 1 las I ind tasiet 

Made of soft, pure copper, the termi 
nals and connector ire electrotinned 
for excellent conductivity. On pecial 
order, they can be corrosion-prooled to 
peciheation 

The terminal ind connectors are 
color-coded tor easy identification red 
for wire size 22-16: blue, 16-14 ellow 

10. Solderte lerminal Div Holl 

worth Co Phoenixville Pa 
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HIGH-SPEED SERVO 
MOTOR GENERATOR 
FOR 140 C DUTY 


Outstanding characteristics rf erve 
motor tachometer enerator Ly yee MG 
(086. are a no-load speed of 19.600 rpm 
ind continuous operation at 140 © am 
bient temperature. Inertia | OS gm 
en The device consists of a Size Ih 
two-phase two-pole serve motor and a 


drag-cupely pe tachometer integrated into 


i single unit measuring 1.03 in. max 
diam x 2.156 in. long ind weighing 4.6 
7 Motor portion pecihcation H-volt 
WWO0-eyele input: O.26 oz tal! torque 
min md 12.5 watt tall wattage 

Generator portion rating ’O-volt 
W0-cycele excitation »./ watt input 
0.35 volt per L000 rpm output voltage 
John Oster Manufacturing Co Avion 
Div. | Main St.. Racine, Wis 


Circle No. 48, Reader Inquiry Service Cards 
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MINIATURE CLUTCH-BRAKES 


Miniature electromagnetic combination 
clutch and brake has been developed 
lor electronic and instrument equip 
ment Standard unit deliver either 
brake or cluteh tora when ene rized 


hie unit operate a brake when 


Be bb 


in telephone 
applications... 


now available to you 


STROM BERG- 
CARLSON 


Type B’ RELAY 


If reliable operation of a large num 
ber of contacts has application to 
your work, you should examine this 
remarkable relay, manufactured with 
extreme precision. 

Our gang-type “B” relay can be 
furnished with combinations of A, B 
or C contacts with a capacity of up 
to 60 form A contacts. It will accom 
modate six stacks of spring combina 
tions which, due to special construc 
tion, occupy an unusually small 
space and make the relay desirable 
for group mounting 

This relay has been for years dis 
tributed exclusively and in large 
numbers to the Independent tele 
phone industry. Expanded produc 
tion facilities enable us now to offer 
it to the general engineering world 
Like all our relays, it is designed to 
operate under extreme ranges of 
temperature and humidity. 

On request If you will write or 
call, and state the application you'd 
plan to use it in, we'll be happy to 
send additional information, and a 
catalog of our entire relay line. No 
obligation, of course. 


> 
ah 


ai 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 


TELEPHONE INDUSTRIAL SALES 
117 CARLSON ROAD, ROCHESTER 3, N.Y 


ELECTRE 





every 


DESIGN ENGINEER 


will want a copy of this free booklet 


Here’s a valuable 20-page booklet that will simplify 
your product design problem of deciding when you 
should specify special motors. It’s a comprehensive 
handbook you'll want to keep on file for ready 
reference. 

The booklet is an excellent guide to (1) the nee- 
essary steps in deciding whether a motor should 
ultimately be standard or special, and (2) the eco- 


nomics of motor modifications, $0 motor costs may 


be estimated at an early stage in design. It answers 


these basi questions; 


1. What must the motor do? 
2. Should a standard or spec ial motor be used? 
3. What modifications are needed? 


4. Are the modifications economical? 


In addition, you'll find informative technical data 
including charts, table drawings, specifications 
and interesting case histories ...all the major factors 
to be considered in answe ring your most seare hing 
questions about motors in connection with 


product de vn. 


MAIL THE COUPON TODAY FOR YOUR COPY.../T WILL BE SENT BY RETURN MAIL 


Jack & HEINTZ 
ELECTRIC MOTORS 


Jack & Heintz, Inc. 
17620 Broadway 
Cleveland 1, Ohio 


Please send me, without obligation, your 20-page 
booklet titled, When to Specify Special Motors 


Name 
Title 
Company 
Address 


City 





Comar’s 


aia 


MINIATURE 


DC RELAY 


COMPACT SIZE 


%" wide, 1-3/16" long, 1” high 


maximum size 


Applications 
Automotive 


SENSITIVITY Radiosonde 


Rated at 40 milliwatts Expendable Devices 
(20 mw. minimum) - 


Printed Circuits 
2 MOUNTING STYLES Electrical Toys 


Single stud, 6-32 x 5/16” 


Low Cost Electronic 
or insulated base 


Equipment 


COIL RESISTANCE and others 


7500 ohms, standard 


CONTACT RATING Send For Full Details 


Ye amp. at 115 VAC, for SPDT 
Cross-bar contacts available 


a 


ELECTRIC COMPANY 
3349 ADDISON STREET 
CHICAGO 18, ILLINO! 


fe 


RELAYS « SOLENOIDS « COILS « TRANSFORMERS « SWITCHES + HERMETIC SEALING 
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energized and is normally clutched 
when deenergized 

The servo mounted units are available 
with output shaft at either or both 
ends. Controlled torque output under 
vibration meets requirements of MII 
B-5272A. Units operate on d-c voltage 
Typical models are the MB-4 and MC-4 
which are 0.59 in. in diam x 0.93 it 
long (excluding input and output 
shafts). weighing 0.8 oz and delivers 4 
in.-oz combined brake and clutch tor 
que. The MC-10 is 1.37 in. in dian 
x 1.765 in. long (excluding input and 
output shafts) weighs 7.5 oz and de 
livers 70 in.oz combined clutch and 
brake torque \. J. Thompson Co 
Route 1, Box 812, Florissant, Mo 


Circle No. 49, Reader Inquiry Service Cards 
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CIRCULATING 
LUBRICATION SYSTEMS 


Continuous re-circulation of filtered oil 
to bearing surfaces of light, medium and 
heavy duty machinery is provided by 
line of “CS” circulating lubrication sys 
tems. The system, furnished complete 
consists of liquid pump, tank, filter, heat 


exchanger, control valve and required 
piping. The units find applications i 
paper, rubber, textile, machine tool 
metal rolling and associated equipment 
Bowser Technical Refrigeration, Div. of 
Bowser. Ine., Terryville, Conn 


Circle No. 50, Reader Inquiry Service Cards 
preceding back cover 


AMPLIFIER FOR 
HIGH ALTITUDE 
SERVO SYSTEMS 


Designed for high altitude servo sys 
tems, Servoflex amplifier is said to 
comply with MIL-E-5400 requirements 

A light, compact plug-in unit, it has a 
built-in preamplifier and built-in power 
supply. A three-legged transformer acts 
as a combined power supply and output 
transformer in the reluctance amplifier 
circuit. With instantaneous response, 
Model 1124 accepts a single d-c input 
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Current Meters Have 400% More 
Capacity With Silastic Insulation 


With power requirements of the aver- 
age household doubling every eight to 
ten Duncan Electric 
Company, 


years, Manufac- 
Lafayette, Indiana, 
exercised considerable foresight in de- 
veloping 50-amp socket-type watthour 
and demand meters that can handle 
continuous loads as high as 200 
amperes. Duncan designers utilized the 
dielectric and physical properties 


turing 


in engineering 4 times more capacity 
into a standard size meter. 


The copper specified for the current coil of | 
the new meter is considerably larger than | 


that normally used. This means that the 
space available for the current coil insula- 
of belts 


insulation’’—is, 


tors—a 
“britches 
words, 


set rubber 


“limited and, therefore the 
insulation must be of the very best type.” 


MAI br © 


A wh B r 
ct fbx sh , 
£ 


Y omer nef 


It must resist surges caused by lightning 


long 
I he 


insulation must also have enough physical 


and withstand maximum loads for 


periods of time without deterioration 


strength to prevent damage during shipment 


or installation, and be completely resistant 


to cold flow. Moreover, it must retain its di 


electric and physical properties for the full 


life of the meter, usually about 30 year 


Duncar 


ited 


To meet these rigid requirement 


specifies current coil insulators fabri 


from Silastic. 


. 
‘ 


Specifications for Silicone Fluid- Electrical Grade 
is a new data sheet that briefly describes the 
various tests of dielectric and physical properties 
that electrical Dow Corning 200 Fluid 
must pass before shipment. No. 21 


grade 


ATLANTA + CHICAGO + 


Canada: Dow Corning Silicones Ltd, 


CLEVELAND * 


known as | 
in Duncan’s | 


No. 20 | 


DALLAS + 


oronto 


Silicone Dielectrics 


ELECTRICAL AND ELECTRONIC NEWS 


No. 5 


Molded Silicone Compound Has HighResistance 
To Dielectric Breakdown, Heat and Moisture 


of 


properties at 


Superior retention and 


tempera- 


physical 
high 
moisture 


dielectric 


tures plus low absorption, 
in stud-barrier terminal boards molded 
of 301 Molding Com- 
pound, proved in tests by leading air- 


frame manufacturer. 


Dow Corning 


of | 
Silastic,” Dow Corning’s silicone rubber, | 


After 
| different types and kinds of terminal boards 
to meet Specification MIL-P-14D, General 


Products 


4 years of experience in molding 34 


Corporation of Union Springs, 
N. Y., selected the asbestos-phenolic com- 
Navy MFI-20, as the best 
material for comparison with test boards 


molded of Dow Corning 301 Compound. 


bination, Code 


Navy-type terminal board molded of 
Compound was 
§ 500 


30] 
exposed to a potential of 


volts at room temperatures before 


an arc was drawn between terminals 


General Products 


breakdown 
3,500 for 


estimates a 
voltage in the range of 
terminal board 


Resistance to dielectric breakdown between 


terminals of the 301 molded board dropped 


to 2,800 volts at high temperatures because 


of the lower resistance of the ambient au 
break 
however al 


550 | 


Resistance to 





down remained 


2.800 


con 


lant volt after an 


hour at ondition 


Under similar 
MFI-20 types terminal panels break down 


within 10 minutes 


Moisture 


100 


absorption 18 hours at 


0.06/ lor 


after 
relative humidity wa 


board 


ompared 


rminal molded of 


0.6 


301 compound 


with for the phenolic 


isbestos combination 


Other molded of 301 


30 minute itt 


ample compound 


re heated for mperatures 
reased by S50 | 
of 940 F was reached 
s above the 
MF I-20 types material 


grain crac ks 


progressively in 


temperature 


That’ 


600 degree limits 


erviceable of 
Even though fine 
600 | 


higher 


tarted to appear at 


ind became more pronounced at 


temperatures, the silicone terminal 


properties 


board 
retained good dielectric 


In spite 


Product 


initial costs, General 


superior 


of higher 
feels that 
40] 


performance 
make 


DETROIT + LOS ANGELES + 


Great Britain: Midland S$ nes 


MFI-20 


until a | 


Molding Compound the most 


NEW YORK + 


ainda 


economical materials available for the 
teadily increasing number of extreme ser- 
vice applications confronting electronic and 


No. 22 


ordnance designers 


CLASS H MOTOR STILL ON TEST 
AFTER 55,367 HOURS AT 240 C€ 


At 10 A.M., June 6, 1946, a silicone 
insulated 5 hp motor was generator 
loaded to operate at its test tempera- 
ture of 240 C in Dow Corning’s 
test Every 500 hours 
has been shut down and ex- 


motor labs. 
since if 
posed to 100% relative humidity for 
24 hours. As of 11 A.M. March 1, 
1956, this motor was still test 
after 55,367 at an average 
copper temperature of 240 C! That's 
equivalent 


on 
hours 


to 336.5 years operation 
at the Class H temperature of 180 C, 


Send Coupon for More 
Information 


DOW CORNING CORPORATION - Dept. 4505-A 
Midland, Michigan 
20 21 22 


Please send me 
NAME 

TITLE 
COMPANY 
STREET 

CITY 


ZONE STATE 


WASHINGTON, D.C. (Silver Spring, Md.) 


td., London; France: St. Goba Paris 
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Atomic Sub Designers Save 4.5 Tons 
By Using Silicone Insulated Motors 


The fact that 
pound with Dow Corning silicone insula- 


you get more power per 


tion has been proved in almost every 
But 
better demonstrated 


kind and size of electric machine. 
never has it been 
the atomic-powered “Seawolf” 
the Boat of 
General Dynamics Corporation. Silicone 
Seawolf 


motor 


than 
built 


by Klectric Division 
enabled 


insulation designers 


to reduce weight by 


about 25%, 
Ihe 


powel 


Seawolf employs 63 hors 
drive 
I hie 4 


motor 


integral 

pump 
ali 

iy 


government furnished equipment 


motors to compre or 


and auxiliaric in addition to 


the mounted 


variou alre 


on 


Lach of 


i ' 
hated 


the 63 motors is completely insu 


with Dow Corning silicone Com 


bined of these 
Motors built to 
epower but 

i oma 


$6 000 


weight motor 


pound 


ip] | 


nor 


rial 


tim 


pour ulation 


iving 


from machine 


Dow Corn ilicone insu 


No. 80 


“What's a 
booklet 
in semi-technical terr 


this booklet ha 


Silicone?” is the title of a 32-page 


which answers that often asked question 


Indexed and illustrated, 


earned an international reputa 


de 
No. 81 


the me 
of 


tion as t interesting and informative 


published 


"Silicone Glass Parts by Vacuum Laminating” 
MATERIALS AND METHODS 
detailed procedures ¢ short 


a reprint trom gives 


of 


with 


making runs 


oversize complex experi n | parts 


out the expense of 5 lucti Y ‘ is 


supple 


No. 82 


mented with several illustrative 


photos 


ATLANTA + CHICAGO «+ CLEVELAND + 


Canada 


silicone News 


FOR DESIGN ENGINEERS 


‘Silicone Paint Superior to Other Finishes for Trailer Bathtubs 


i 
con | 
{t more | 


With properties that overcome the limi- 
tations of both conventional organic 
finishes and vitreous enamels, silicone- 
based paints 


are helping 


longer-lasting 


designers 
beauty and 
service into a broad range of products. 


engineer 


One of the most recent examples is the 
finishing of 
Sherer-Gillett 


housetrailer bathtubs by 


of Marshall, Mich. 


Co. 


porcelain enamel formerly used on 


cold-rolled steel tubs was expensive 


to apply, and necessitated an extra hand 


wiping Operation to remove exce 


This 


s enamel 


from corners and edge coating 


NOW... SILICONE RUBBER NIPPLES 


From traction domestic 


steam irons — wherever product per- 


motors to 
formance can be improved by rubbery 
materials that retain good physical and 
dielectric properties 
ranging from 


at temperatures 
are finding new applications for Silas- 
tic’, Dow 
Latest 
nipple molded by 


Corning’s silicone 


example is a nursing bottle 


World 
Py 


1Ons 


field 
“the 
withstand 


leading manufactur this 


ribes Silastic 


t-lasting ever made 


ero in 


ramid de nipple 


They 


| Silastic stays resilient ot 500 F. At temperatures high 


DALLAS * 


enough to melt ordinary 
forgot to take off the 
shape and resiliency 


rubber in a 
stove, Silastic 


pon father 
retains its 


rey 1 boiling do not swell or soften at 


terilization temperature and remain 


by 


Lastel odorl« 


and unaffected 


natural fats and oils in baby 


formulas. 


During months of hospital testing, Silastic 
re peatedly lasted and 


long as conventional 


nipple IS weeks 


S times as 
They are now an-important item 
in Pyramid’s “Evenflo’ 


nipple 
line 


DETROIT * LOS ANGELES + 


t Great Britain 


100 to 500 F—designers | 
rubber. | 


Pyramid Rubber Co. | 


} and 


| and 





No. 83 


NEW YORK + 


added 25 
caused the metal to warp, resulting in high 
crap losses. Porcelain finishing also meant 
high shipping 
damage to tubs during handling. 
All 
nated 


pounds to each tub and often 


costs plus the hazard of 


of these problems have been elimi- 


by switching 


paint. It is 


to a_ silicone-based 


Spray- 


applied, and there is no longer any need 


easily and efficiently 


for the costly hand wiping operation 
by 


This 


paint 1s cured 


baking to give a high 
gloss finish that is flexible enough to with 
tand handling without cracking or chip- 
ping. Exhaustive lab tests and field experi- 
ence have proved that it also has excel- 


alkali 


and 


lent resistance to humidity 


dat ids, 


salt spray, retains its original 


attractiveness after rugged service 


Sherer-Gillett’s finishing process is simple 
economical 


at 4501 


Tubs are preheated for 
30 minutes to remove accumulated 


oil; then bonderized and 


sprayed with 
white Nubelon-S, a modified silicone-based 
finish After a 


tubs 


formulated Glidden 
425 F, 
wiped down and given a 


No. 84 


by 


10 bake at 


minute the are 


lightly sanded 


final spray coating and baking. 


Design Edition 20 
DOW CORNING CORPORATION - Dept. 4505-B 


Midland, Michigan 


80 Bl 


Please send me 82 83 84 
NAME 

TITLE 

COMPANY 

STREET 


CITY 


WASHINGTON, D.C. (Silver Spring, Md.) 


n; France: St. Goba Paris 





we 
agnetic 
or takes the difference between two such | i * 
inputs: a built-in 400 cycle synchronous I 
chopper modulates the d-« signal to an Wm ] 1eé i, 
a-c signal. It will drive any 115 volt, A 


400-evceles servo motor rated at 8 watts 
or less 

Present model now features a voltage 
gain of approximately 25,000 (rms volts 
out/d-e volts in), a tenfold improve 
ment of the voltage gain (2500) of the 
model announced in Dec. 1955. Servo 
Corporation of America, 20-20 Jericho 
Turnpike, New Hyde Park, L.I., N.Y. 
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ADJUSTABLE, ALL-METAL h 
MOUNT FOR T ree New 
INDUSTRIAL MACHINERY AC Servo 


All-metal mount, Adjust-O-Mount W339, 
14Vours = eiaetistatale snciuilibcilasliiaits 


is engineered to protect against vibra Types 0 or 400 cos. 


tion and control shock on presses, 


grinders, millers, and other machine A il bl wut No.1 { UU ; r * 9 
tools. Having a 7!4e in. diam, the val a e ee =a 3(_) 
INPUT NO. 2 a 
mount has increased load carrying aptpene es Bias 
capacity in three models ranging from 
1000-10,000 Ib per unit without any @ MAGNETIC PRE-AMP + 
necessity lor ¢ hange in the compact STANDARDIZED SATURABLE TRANSFORMERS 
SERVO SYSTEMS Supply: 115 volt 400 eps. 
* AND OTHER Power output: 3.5, 6, 10, 18 watts 
= s STANDARD TYPES Sensitivity: | volt AC 
FOR AUTOMATIC Response Time: .03 sec. 
CONTROL — Lowest Cost — Smallest Size 
¢ For further information requeft Form $493 
In addition to new 
Bh lines illustrated, @ MAGNETIC PRE-AMP + 
; many standard and HIGH GAIN MAGNETIC AMPLIFIER 
higher power mag- Supply: 115 volt 400 cps. 
_— ve ee Power output: 5, 10, 15, 20 watts 
: vailable for appii- Sensitivity: .1 volt AC 
D> oe eee Response Time: .008 to .1 sec. 
— automatic control, Highest performance — All magnetic 
CUSTOM DESIGNS For further information request Form $496 


housing dimensions. A lower natural FOR SPECIAL @ TRANSI-MAG*: TRANSISTOR + 
frequency of 7-10 cps is said to make REQUIREMENTS HIGH GAIN MAGNETIC AMPLIFIER 


é Supply: 115 volt 400 or 60 cps. 
— we design Power output: 2, 5, 10, 15, 20 watts 
jrop hammers may be located neat and engineer Sensitivity: .08 volt AC into 10,000 ohms 


offices or on upper floors. The Met-] complete servo menpenes Ses Aes 


: Fast response at high gain 
Flex stainless steel resilient elements or automatic Fur further information request Form $499 
offer maximum damping plus long life control systems (400 cps.); Form $497 (60 cps.) 


resistance with performance unaffected *TRADE NAME 


by oil, water. solvents, dust or extreme AFFILIATE OF G pea MAGNETIC 
temperatures THE GENERAL 
mperatu 1 GENER. AMPLIFIERS - INC 


\ built-in leveling bo and jam nut ] : 
1 ' a aie ae CORPORATION > ; ; Telephone: CY press 2,6610 
illows for quick Installation on uneven , 632 TINTON AVE., NEW YORK 55,N. Y. 
floors. W339 may also be used in con 


ibsorption of vibration shock and noise 


complete that punch presses and 
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junction with inertia blocks for ma 
s 4 chines with high center of gravity 
i) u b - M i n i rs | t 8 fs e Robinson Aviation, Inc., Teterboro Air 
lerminal, Teterboro. N. J. 
PILOT a Ley Circle No. 52, Reader Inquiry Service Cords 
‘es preceding back cover 


A great aid 


to miniaturization MOTOR BASE FOR 


V-BELT DRIVES 
COMPENSATES FOR 
All units applicable to BELT STRESS 


Mil Specifications Motor base automatically compensates 
for belt stress and maintains exact belt 
tension for all load conditions. The 
greater the load the greater the belt 


a ae | be ie tension. This substantially reduces wear 
PLASTIC —4 sae] ' ~~ on both belts and bearings. Known a- 
PLATE — 

LIGHT 

ASSEMBLIES 


A) No, TT-51; No. TT-SIA with No, 327 
lamp. For edge lighting Red or 
other color filters, black top o.uy 
B) No. 8-3730-111; for Mil-7788 panels LIGHT SHIELD SUB-MINIATURE 
C) No. 41930; light shield ASSEMBLY INDICATOR LIGHTS 
D) No, 6-1990-111; non dimming (All illustrations are approx. actual size 
£) No. 11-1930-111; mechanical dimmer ; 
No, 3-1930-111; polaroid dimmer it 7} 


Foremost Manufacturer of Pilot Lights 
All assemblies accommodate midget 


bt f 
flanged base lamps like this one 
(actual size); easily replaced. Available 
for voltages of 1.3, 2.7, 6, 14, and 28 { ; 


Any assembly available complete with lamp : CORPORATION 


SAMPLES ON REQUEST — NO CHARGE 60 STEWART AVE. « BROOKLYN 37, N.Y 
Write for latest catalogues and Design Brochure HYACINTH 7-7600 


TOT D MCLE RELL MILLA 93002 sean eh 
MLM Nd A MD YS persion i gui 


The motor base ts available in fous 


NEMA motor frame sizes from 1/6 to 
SQUARE, RECTANGULAR, ROUND (72 hp. and is designed tor use with 


horizontally positioned drives. [t is not 
Standard-type PARAMOUNT paper tubes used 


meant for use on wall or ceiling mount 
for millions of coil forms and other applica- 7 
tions. Hi-Dielectric. Hi-Strength. Kraft, Fish ings. Lovejoy Flexible Coupling Co 
Paper, Red Rope, Acetate, or any combination 949 West Lake St.. Chicago 44, Ill 
wound on automatic machines. Any size from 
Yo" to 30” long, from .450” to 25” LP. Pro- 
duced from wide range of stock arbors or 
specially engineered for you 
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NEW "'PARAFORMED” TUBES . 
SQUARE OR RECTANGULAR MIDGET TRIMMER 


Entirely new technique in tube making de POTENTIOMETER 
veloped and perfected by PAKAMOUNT 
Perfectly flat side walls, sharp square inside 
corners, and very small radius on the four out turer se 
side corners. Spiral wound, not die formed istanes 

No sharp outside edges to cut wire. No need 
for wedges to tighten winding on laminated 
core, Full rigidity and physical strength. Per- 
mits winding coils to closer tolerances. Allows 


faster automatic stac king ot coils Approved 


Wi and used by leading manufacturers. No extra cost! 
eee PARAMOUNT 


LETTERHEAD FOR PAPER TUBE CORP. 


eS ae) 612 LAFAYETTE ST., FORT WAYNE, IND. 
A Be eT) Standard of the Coil Winding industry fer Over 20 Years 


Featurin NobLOhn 


trimmet poevte 


resolutior 








LABORATORY TECHNICIAN carefully measure 
the production floor. Re sult of these test 


of enamel before it i illowes 
ecked i | } pecih i 


qu ility ol 


mpl 
ire recorded al « 


h 


This worker can help you cut rejects in winding 


This technician and her co-work 
ers check the quality of all raw 
materials received at 
Only after 
that Anaconda’s 


rials specific ations are met is the 


A nace onda 
mills they are sure 


rigid raw _ mate 


material released for produc tion 
This same rigid control is 


exercised over Anaconda Magnet 


Wire throughout its entire manu thle t 


oOo Climinate incoming 


facture —even into shipping 


ih pection too 
Phe result is the fine 


t magnet Lie 
market todas \ pro 


duction run will show you how cite ee 


Mian from Anaconda will 
wire on the ye vlad to cooperate Offices in 27 
Anaconda in your 
Anaconda 


Vlagnet 


Miu kevon 


this insistant demand for qualit phone book. Or write 


pays off in your winding room Wire & Cable ¢ OMNp anny 


in fewer rejects, longer breal Wire Headquarters 


free runs. Many customers are Michigan 


SCHEDULE A PRODUCTION RUN OF A NACO N DA 


QUALITY-CONTROLLED MAGNET WIRE 





get MATCHED -TO -THE-MACHINE 


Power Transmission Control with 
Stearns Magnetic Clutches and Brakes 


Stearns Magnetic, Inc. builds magnetic disc 
brakes, clutches and clutch-brakes to match 
your machine and transmission control prob- 
lems exactly — whether you design small- 
precision instruments like cameras and busi- 
ness machines, or large equipment like ball 


Coe fiberboard dryers keep ‘em rolling—automat- 
ically—with Stearns heavy-duty magnetic clutches 


On the big jobs too, Stearns Magnetic Disc Clutches 
provide the answer to automatic control problems. Coe 
Manufacturing Co., Painsville, Ohio, builds completely 
automatic veneer and fiberboard dryers using from 
eight to twelve Stearns Style “E” clutches per machine 


Illustrated here is the feed section of an 8-deck Coe 
Dryer. Fiberboards are automatically fed successively 
to each deck by means of a tipple driven through a 
Stearns clutch. When the tipple directs a fiberboard 
to the bottom deck, the bottom clutch automatically 
engages and the board is pulled into the dryer. Then, 
when tipple tilts up to the next deck, bottom clutch 
disengages, and clutch immediately above engages and 
a board goes into second deck, etc., until cycle is com 
pleted. Entire operation from feed through dry to dis 
charge 8 continuous, automatic 


Machine handles up to 50 ft of board per minute 
Each Stearns clutch in the dryer bank is 8 inches in 
diameter, which provides an extra margin of long life 
and dependability. Clutch requires very little mainte 
nance, provides cool operation and is simple to install 
— no toggles, yokes or shifters 


mills or milling machines. Clutches and brakes 
can be custom-built to specification or you can 
choose from a wide range of standard models. 

Here are a few examples of how Stearns 
equipment solved widely different transmis- 
sion control problems. 


Stearns miniature camera clutch eliminates manual 
gear shifting, greatly improves camera fade control 


Acme Camera Corp., Burbank, California, employed a manu- 
al gearshift device to obtain variations for fade-in, fade-out 
action of its motion picture camera. This design not only 
necessitated reaching around the entire camera to shift gears, 
but also caused damage due to shifting gears while running. 


Stearns Magnetic transmission specialists, working with 
Acme engineers, designed a miniature magnetic clutch which 
permits remote control of the fade-out mechanism. Clutch is 
designed to provide high torque, yet is only 1 inch long, 1% 
inches in diameter. Each camera uses six Stearns clutches to 
provide six separate fade speeds. 


Miniature clutches like these are opening new fields to 
automatic control. Stearns engineers will be happy to discuss 
your problems with you. 
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Stearns brakes lock cutterheads in posi- 
tion on world's largest milling machine 


Weighing over a million pounds, this milling 
machine, built by Ingersoll Milling Machine 
Co., Rockford, Illinois, mills parts up to 18 ft 
wide, 161% ft high and over 50 ft in length 
In milling such large, costly pieces exact po 
sitioning of cutterheads is extremely impor 
tant. Five 1000 series, heavy-duty Stearns 
brakes are used for these precision-control 
functions—four brakes individually lock each 
of the four cutterheads securely and exactly 
in place, while the fifth brake locks the cross 
rail in position. Positive, powerful gripping 
action is essential as the head locked by each 
brake must be held securely while a 100-hp 
motor drives the cutter 


One operator controls the various elements 
of the machine. With push buttons, switches 
and dials, he can start, stop, speed up or lock 
individual units in place. 


Stearns brakes have chalked up a long 
record of dependability on many Ingersoll 
machines, including horizontal spindle, open 
side milling and boring machines 


Stearns magnetic brakes provide accurate cycle control 
for AMF automatic bowling pinspotters 


Fast, sure stopping of electric motors is an absolute must for 
accurate cycle control of American Machine and Foundry’'s 
amazing Automatic Pinspotter. Two Stearns Magnetic disc 
brakes handle this important job — one brake controls the mo 
tor which actuates the pinspotting table, the other controls the 
sweep bar motor. Five separate stops are required in each com 
plete operating cycle. With the positive stop action provided by 
the Stearns brakes, there is no chance of motor overrun which 
would upset the perfect coordination and accuracy of the pin 
spotter’s various operating functions 


The Stearns Style HT 50 brakes used on this machine are 
designed for through shaft applications. Motor is 14 hp and 
brake provides 3 ft |b maximum torque. Brake is spring-set and 
solenoid-released —it automatically sets in event of power failure 


Simple, rugged construction and trouble-free operation of 
this brake makes it ideal for any precision operation requiring 
frequent stop-starts 


Stearns brakes and clutches help you improve machine design and performance 


Get the complete story on Stearns magnetic brakes, clutches machines alike. Send the convenient coupon or write us in 
and clutch-brake combinations. Check the many features detail describing your problem 

that make these Stearns units the choice of leading design 

engineers for solving hundreds of widely different power 


transmission and control problems — on small and large Please send 


Brake portfolio 604-F-4 
Clutch Bulletin 226 D 
Brake Portfolio and Clutch Bulletin 


MAGNETIC EQUIPMENT FOR ALL INDUSTRY 


STEARNS 4 MAGNETS 


Stearns Magnetic, Inc., 642 S. 28th Street, Milwaukee 46, Wis. cmp 


Name Title 


Company 


Street Address 
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11.3% MORE 
DIELECTRIC 
STRENGTH 


ELECTRICAL TAPE 


Prove F.O.S 
superiority 

with simple 
“Light Test’ 


Why does F.O.S. give your product greater 
protection — with less bulk? The difference 
is the F.O.S. adhesive compound — its com- 
position and our unique Strontium 90 
Isotopic method of applying it to the back- 
ing. Result — a denser, more even, more 
consistent adhesive coating with unusually high dielectric ratings ~ 


71.3% higher than leading competitive tape. Try it! 


Dielectric Volts 
Per Mil 
Leading competitive tape 


F.O.S. electrical tape 


WRITE FOR FREE SAMPLES —Prove the superiority of F.O.S. electrical tapes 
yourself. Hold competitive tape and F.O.S. up to a bright light, adhesive side 
toward you. Notice the smooth, consistent coating of F.O.S., free from 
pinpoints of light. Specify F.O.S.—it pays you in superior, dependable 
performance. Write now for free samples 


F.O.S. INDUSTRIAL TAPE DIVISION 


THE SEAMLESS RUBBER COMPANY 
NEW HAVEN 3, CONN 


justment screw travel. Serviceable over 
a wide temperature range. the potentio 
meter may be adjusted to operate at 
temperatures from i £6 iz % 
Linearity of 5 per cent is standard for 
resistance element values ranging from 
9) to 25.000 ohms. Known as Type 
769. the model is x x Il-lu4 In 
overall. Components Div Fairchild 
Controls ¢ orp 225 Park Ave Hicks 
ville, N.Y 
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POWER SUPPLIES 


‘our new heavy-duty,  precision-reg 
ulated power supplies, Models 60, 60M 
61 and 61M, are designed for installa 
tions that require fixed voltages through 
15 volts, but may be adjusted over the 
voltage ranges indicated for each model 

The power supplies are engineered 
primarily for industrial applications 


and continuous-duty operations at max- 


imum ratings. Typical applications in 
clude computer installations and multi 
channel equipment 

Special features include: oil-filled 
hermetically sealed capacitators; ver 
nier high voltage adjustment; vacuum 
varnish-impregnated transformers and 
chokes; stable 5651 voltage reference 
tube; and 30-sec time delay relay cir 
cuit, Size: standard 19 in. relay-rack 
mounting, 12'4 in. high x 19 in. wide 
x 9 in. diam. Weight, 70 Ib net. Lambda 
Electronics Corp 11-11 131 St College 
Point 56, N. ¥ 
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MINIATURE 
INDICATOR LAMP 


Up to 1000 miniature indicator lamp 
assemblies may be installed in a square 
foot panel. Time-saving in installation 
is achieved due to vibration proof 
mounting without nuts. screws. lock 
washers or any supplemental holding 
device “= 

Feature of the new lamp assembly is 
flexibility of use in either conventional 
cabling applications or wireless ar 
rangements in printed circuit’ panels 
Standard subminiature incandescent or 


neon bulbs are replaceable without dis 
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sitcom zsvacram INOW a new 15 Amp. Toggle for 
your quality switch requirements 


250 volt single or 2 circuit 
with lever action in line with 
switch body. 


McGill’s expanding Sevolier Toggle line offers new 
dependability for electrical and electronic circuit control. 


No. 25 —6 amp. “T”, 125 volt, 3 McGill’s new 90 series toggle switches, rated at 15 amps. % H.P. A.C., 
SPat. ou easily carry full load in excess of 300,000 operations. Designed to be 
a small and compact only 14” x 14" x ll” this new switch is avail- 


able in single circuit or in 2 circuit with center and no off. 

The No. 90 and all Levolier® switches (No. 13, 10-T, 25 and 29 illustrated 
at left) are backed by McGill’s 50 years of experience with quality switch 
design and manufacturing. 

All Levolier® toggle switches are furnished in molded-phenolic dust tight 
and vibration-proof cases. You may have your choice of wire leads, screw 
terminals, soldering lugs or spade terminals on most models. 


No. 13 — 6 amp. 125 volt, 3 amp. For complete information on standard switches ask for the McGill switch 
250 vol 0 lly-off, ° . : : ’ ‘ : ; 

peta Pir eects Ayes ag catalog. If a special switch is needed the McGill Engineering Department 
same except normally-on). 


can develop the design that most exactly meets all your requirements, 


M<¢ ¢ | | are always a little better 


and ALL are Underwriters 
a en aa ELECTRICAL Lahoratories in spec ted 
SPECIALTIES 


reuit for AC operation. 


McGILL MANUFACTURING COMPANY, INC. 150 N. Campbell St., Valparaiso, Indiana 
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ALL SANBORN | 
150 SERIES “4 
OSCILLOGRAPHIC 


RECORDERS 
PROVIDE THESE 


Ng AKI 
ADVANTAGES 


Ti. three foremost 
sting 


sivantages of 


compiler for 
ich channel. Presentl 
lable different pre 


arengelatie now number 


Preamplifier (A) 
thown in position 

to plug into a 

Driver Amplifier 

with Power Supply (B) 
which ore normally 
Glready in ploce in the 


Bosic Cabinet Assembly 


Rectangular Coordinate Recording 


is a Sanborn feature that 
is ¢ specially y alu ible in 
multi-channel recording 
The user of a 2-, 4-, 6 
or &-channel “150° sys 
tem can record interre- 
lated events simultane 
ously on one strip of 
record paper, and then 
correlate them against 
tinne quickly and accu 
rately, even during the 


recording 


lel 


Clear, Sharp, Inkless Tracings 


Phe nichrome ribbon 
tip “150° heated stylus 
removes the white 
opaque urface of San 
born recording paper 
Permapaper) permit 
ting the black under 
coating to show Trac 


ings are permanent, will 


not fade or smudge 


Tm er MAL Cathy 


resulting from current 
feedback design of 
Driver Amplifiers and 
new shorted coil frame 
high lorque 200 000 
dyn cm galvanome 
ters. Maximum error 
over middle 4 cm. of 
chart: 0.25 mm 


over entire 5 cm. chart 


width: 0.5 mm 


eRe rab ile. 


SANBORN CO. 


195 Massachusetts Ave., Cambridge Mass. 


A new “150” Catalog 
provides complete de- 
scriptive doto, specifi. 
cations and prices on 
all 150 Systems, Acces- 
sories ond Cabinets. A 
copy will be sent on 


reqvest 


mounting. Available is a full range of 


voltages in either . gle contact 
grounded models or with both terminals 
insulated 

Variety of lens designs provides 
variations in color, transparency, opa 
queness, or with message indications 
for nearly any demand 

The units have pressure-loaded, 24 
carat gold contact springs having gh 
ly tempered, spring steel cores; 24-carat 
shot burnished gold is overlayed on all 
contacts and springs. Rigorous tests 
show Maximum mechani al and ft lee 
trical performance in all applications 
tested. Circon ¢ omponent Co Santa 
Barbara Municipal 
Calif 
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Airport Coleta 


TWIN POWER TRIODE FOR 
INDUSTRIAL APPLICATIONS 


Designed originally to withstand the 
severe operating conditions en ountered 
in military applications, Twin Power 
Triode Type 6080W is useful in indus 
trial equipment where long life under 
adverse conditions is essential. 

Type 6080W is manufactured under 
the reliable tube program and is rigidly 


tested to assure performance as spec 


ified. The tube plugs directly into any 
socket using the 6080 or 6AS7G series 
regulator tubes. Design features include 
sho« k- 
insulated from the bulb by spring metal 
snubbers. 


mount of heavy duty parts, 


Electrical specifications include: max 
imum plate dissipation, 13 watts per 
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ow Surface Resistance in 
lectrical Contact Operation: 


Why it is important.... How to maintain it. 


WRONG 
When contacts are operated in a vertical plane, there is less 
opportunity for dust or dirt to increase resistance 


| 


(—- 


RIGHT WRONG 
Centacts should be designed to close firmly, without chatter 


or bounce. 
Ae 
+ 


PREFERABLE PERMISSIBLE 


When contacts are made to close with a slight wiping or rubbing 
action, surfaces are kept clean 


A copy of this book is yours 

for the asking. Write 

FANSTEEL METALLURGICAL CORPORATION 

NORTH CHICAGO, ILLINOIS 

F 
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THe INHERENT CONDUCTIVITY of electrical contact material 
means litthe unte this conductivity is maintained Ww use 
Prope rly designed contacts of correct material are just big 
enough to handle their current pPussing assignment They 
close with just enough pressure to insure etheient opera 
tion Howe ver, rough, dirty oxidized, eroded or corroded 
urfaces no longer have the current handling capacity 
they did when clean. Inerea ing the size of the contact 
might offset this lo of efheieney, but bigger contact 
cost more mone Increasing the closing pressure mi hit 


ilso he Ip but too much pressure induces 1 ipid weal 


The right answer, obviousl is to design contacts and 
contact assemblies that are, im effect, self cleaning. bor 
instance: contacts which operate with surfaces ina vertical 
plane are |e ipt to accumulate dirt or other foreign 
particles than those operating in a horizontal plane. A 
slight rubbing or vy ipinpe ae tion as contacts make connec 


tion will tend to remove oxides and keep surlace clean 


On the other hand, too much rubbing action mean 
EXCESSIVE Weal hence both rubbing action and closing 


pressure must be nicely balanced ayainst contact material 


Almost any conductor can be used as a contact material 
Vany diflerent types of contact might be ‘satisfactory 
Sut the small difference between alislactory contacts 
and contacts which are exactly right for the applir ation in 
question makes a BIG difference in performance, in long 
trouble-free life and in cost. For a contact is not the right 


contact if a less ¢ K pensive one will do as well 


Fansteel’s facilities and per ialized Electrical Contact 
experience are unmatched, And the best time for you to 


call upon this experience is during youl planning ol 


design stage. In fact, a host of electrical engineer 


scattered through world-wide industry will tell you 


If it’s a question of contact it's always a good poli I 


CHECK WITH FANSTEEL 


“o 


FANSTEEL ELECTRICAL CONTACTS DEPENDABLE SINCE 1914 
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es plate and shock rating, 450 G. Chathan 
Design and i / Electronics Div.. Gera Corp., 630 W 
Development M j Mt. Pleasant Ave.. Livingston, N. J 
Engineers Ta Circle No. 57, Reader Inquiry Service Cards 


Check your ‘SPRING I[s S 
DESIGNS with NYLON FITTING 


The I-S short run department can save you Made of Zytel nylon. new fitting ha- 
and money in the planning stage or whenever only two pieces; no flaring of tubing « 
production quantities required are limited exact tube length is required. The fit 

in small lots are produced quickly ting is said to be lightweight, have 


ind economical! designers can check pring temperature range trom 70 to 29 


wriormance and desieon prior to ordering produ tion Fk, and a positive leakproof and vibra 


yu have a proble m, ask [-S peciali tslora 
rritnie ndation on your pecih pring appli ation B A 
woo =F —— 


+, any 


Specify |-S Beryilium Copper Springs Cc 
for High Strength and Endurance: 

For further information on |-S Micro 

Processed Beryllium Copper Springs, 

consult Sweet's Product Design File 

or write for our latest Catalog 


PROCESSED 


INSTRUMENT SPECIALTIES CO., INC. 
254 Bergen Bivd. « Little Falls, N.J. 


Telephone. Little Falls 4.0280 


tion-proof seal which will) withstand 
pressure up to 500 psi It has the 

rosive resistance of stainless — steel 
making it impervious to most acids and 
alkalies. The fitting which is said not te 
erack or leak under normal conditions 
is available in sizes from Mein. to You 
The Jaco Manufacturing Co.. P. O. Bo 


2659, Cleveland 7, Ohio 
’ Circle No. 58, Reader Inquiry Service Cards 
preceding back cover 
= SIZE 4 ELECTRIC 


* order GTC manner STARTER 


Only slightly larger than the size 3, new 


size 4 _— motor starter is rated at 
Custom-Specified 
us om ec e 0) hp, 220 volts and 100 hp MK) volt 


a a i } < 
As a result of its standardized desig 
D non-current carrying elements, such as 
NOW ... through a unique method. . . “GTC” represen- 
tatives are prepared to give you on-the-spot answers on . 
delivery time, price and all other pertinent details .. . ay ' 
to precisely order to your particular electrical and mechani- ; 
cal requirements and still provide for quick delivery : 
Catalog illustrotes pro ooety unnecessary H 
> . -, totype transtormer in y realize cost econo- ————— ; 
GTC” calls it detail to mies through applico- - 
ee V eliminate time - con- tion of mass production 
Custom- 


suming liaison between techniques to limited 
te 0 your engineers ond ours quantities 

specified e ¥V reduce time for proc Vv simplify and assure 

essin orders becouse more accurote specity- 

somple submission is ing of your requirements 

Write todoy for the “GTC” representative in your area . . . he'll 

be glad to call at YOUR convenience and show you how to save 
time and money on YOUR transformers. 


eeeeeeeeeeeeee aay 


Our new and 

panei TRANSFORMER COMPANY 

is just off press serving industry since 1928 | GTC 
+» write for 18240 Harwood Avenue, 


your copy. aul hodl 1: Pmt Ie 


oe " na. 
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Quick facts for those who apply and specify electric motors 


Eye Appeal: New Requirement in Motor Design 


As the trend to automation accelerates and the number of individual 
drives per machine increases, electric motors become, more than ever, 
an important element in the overall ippearance of many machines, In 
designing the Howell Series 100 motors in the new frame sizes, Howell 
engineers set up the list of design requirements shown below. For evi 
dence of how they met them, see the totally enclosed fan cooled moto 
at right and the detail sketches below it. 

When you're specifying motors, why not specify for streamlined ap 
pearance in addition to the top performance you need? It’s a bonus 
value that costs no more and you'll be matching functional efficiency 
with sleck good looks. 


HOWELL SERIES 100 TEFC EXTERIOR 
DESIGN REQUIREMENTS 


© Fan cover, end-plate and frame 
to join so as to produce flush ex- 
terior surface. 


Qo No fins, ribs or other protrusions, 
other than conduit box and feet, 
around entire diameter of frame. 


© Joint between frame and end 
plate to present flush exterior 
surface. 


Q Ventilation ports to carry out 
contemporary streamlining, offer 
minimum obstruction to passage of 
air, and meet or better NEMA 
specifications for safety. 


© Grease fittings, top-ball type, to 
be located for (1) easy accessibility 
(2) maximum protection against 


damage 


© Fan guard openings to incorpo 
rate distinctive design and to meet 
or exceed NEMA specifications for 
safety. 

@ Mounting feet to eliminate ex- 
cess bulk and weight, utilize steel’s 


strength to best advantage. Contours 
to present good appearance. 


Series 100 enclosures: totally enclosed Get complete details on these 
fan cooled, open drip-proof, splash 


outstanding new motors today 
proof and weather protected, ane 


totally enclosed non-ventilated . . . write for Bulletin N-100-R 





Open-type motors in the Howe ll Series 
100 line match their TEFC counter- weit 
parts not only in streamlined good Red Band 


as 
looks, (see above right), but in diam moro 


eter and mounting dimensions Space HOWELL ELECTRIC MOTORS COMPANY, HOWELL, MICHIGAN 


allocations are simplified 


PRECISION-BUILT MOTORS FOR INDUSTRY SINCE 191 
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SELF ALIGNING SHAFT — 
lal -t- ame alee 
eee ace 


US 
AUREL 


— highly reliable 
despite misalignment 
lM Taee halal Mei tin) ) 1g 


Here is a far-reaching advance in linear 
motion design. This unit allows for misalign 
ment between the instrument and actuator 
eliminating shaft side loads. With no align 
ment needed, the unit is mounted and 
installed quickly...is easily designed into 
a system 

To insure low noise characteristics under 
extreme vibration, the ALIGN-O-POT wiper 
assembly is supported throughout its entire 
travel by parallel guide rods. This provides 
continuous support directly at the point of 
contact...multiple contacts are used to 
further increase the reliability 


The ALIGN-O-POT has a stainless steel case 
and a flexible cable with plug connector 
Standard travels are available from 2” to 


642". Other travels can be provided up 


to 36”. The ALIGN-O-POT is fully 
i 1 10 V1 ‘a ay ee 


high performance 
under environmental 
extremes 


The LINIOMETER has a bushing-supported shaft and 
the same highly reliable internal construction as 
the ALIGN-0-POT for use where the self-aligning 
feature is not applicable. Small cross-section and 
optional mounting configurations are added fea 
tures of these units. Available in standard travels 
from 42" to 6% 


the complete line of linear motion potentiometers 


Bourns offers a wide selection of standard instruments for any need 
from Ye" to 36” travels —all built for maximum reliability and optimum 
performance. Bourns will work with you on special requirements 


Write for technical literature 


OURNS LABORATORIES 


General Offices: 6135 Magnolia Avenue 
Riverside, California 
Plants: Riverside, California—Ames, lowa 


magnet assembly, arc box, cross arm, 
mounting plate and the like, are inter 
changeable with the size 3. Added fea 
ture of the starter, Bulletin 5604, is 
Incorporation of reconnectable dual 
voltage coils, A single starter stocked 
with its coil connected for 220 volts 
can be easily and quickly reconnected 
for 440 volts. Furnas Electric Co., 1024 
McKee St., Batavia, IIL. 


Circle No. 59, Reader Inquiry Service Cords 
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SUBMINIATURE CLUTCH 


All-purpose subminiature clutch trans- 
mits torques to 15 in.-oz at speeds to 
1800 rpm without external lubrication, 
and at higher speeds in an oil bath 
The clutch can be used for any single- 
revolution, overrunning, nonreversing, 
or indexing application within its ca 


pacity. The unit has an extremely low 


moment of inertia, 93.0 x 10° in.-oz 
sec*, making it ideal for any applica 
tion requiring fast response under high 
loading. Maximum drag torque is 0.5 
In.-OZ, 

Clutch is 144 in. long, with a maxi 
mum diam of “%e in. It is available 
from stock with either a coupling-end 
or through-shaft mounting. Miniature 
models with torque capacity of 10 in.-lb 
are also available. Precision Special 
ties, 1342 EF. 58 St., Kansas City 10, Mo 


Circle No. 60, Reader — yt Service Cards 
preceding back cover 


SWITCH OFFERS SMALL 
MOVEMENT DIFFERENTIAL 


Type-10 switch offers a movement 
differential of less than 0.0005 in. The 
“serpentine” snap-action of the switch 
consistently gives more than 10,000,000 
actuations in tests. Since the switch has 
no pivot points—which can cause vari- 
ation in snap—it has no dead center or 
flickering. The low stress design elimi 
nates drift at the trip points 

Switch terminals are easily accessible, 
and the mounting centers are the 
standard distance apart (1 in.). Type 10 
has a 20-amp rating. It is particularly 
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improved fiber gasket 
won't dry out or shrink 


\ccopac CN-705 is an improved fiber gasket material 
that wont shrink or dry out even when subject to the 
leaching action of alternately wet and dry applications 

Phat’s because this patented Armstrong material is 
made by a unique process that combines cellulose fiber 
and ground cork with a non-volatile, non-extractable 
late x binder Phe re ult IS at highly compressible dimen 
sionally stable gasket material 

Accopac CN-705 becomes impervious to both licguicds 
and gases at flange pressures as low as SOO psi This 
makes it extremely useful in lightweight metal assemblies 
because it conforms to the normal irregularities in 
stampe d flanges, even under the light bolt pressures these 
Hire S usually POC UIE 

Accopac CN-705 can also be used in heavy joints 
whe re pre Ssures itt loe al areas Wnbay be fi above normal 
Hane loading by cause of uneven or non paralle | surfaces 
CN-705 will withstand test loads as high as 100,000. psi 
without damage 

lor more information about Accopac CN-705, look for 
Armstrong Gasket Materials” in Sweet's product design 
file or write for samples and data sheet to Armstrong 
Cork Company, Industrial Division, 7005 Ingersol Street 
Lancaster, Pennsylvania 


XAD-COMPRESSION CURVE SHOWS high compressibility of Armstrong 


CN-705 Accopac With light metal flanges, this compressibility allows 


gaskets to seal under the light bolt pressures normally available 


Armstrong ACCOPAC 


1 mia 





~yYOU 


>? Designed It! 


THE NEW HIGH-SPEED 
B 0 E $ C H Bobbin Winder 


for Individual Bobbins 
and Multiple Windings 


athe 
5 >) 
Ra , 


From your ex 

pressed desires 

and needs came the specifications 
for the Model BW 


RUGGED FOR UTMOST RELIABILITY 
FINGER-TIP CONTROLS 

AUTOMATIC ACCELERATION CONTROL 
LIFE-TIME LUBRICATION 

PLUG-IN ELECTRICAL COMPONENTS 
QUICK-CHANGE GEAR BOX 

ALUMINUM & STAINLESS CONSTRUCTION 


SAFETY FEATURES 
ELECTRICALLY-INTERLOCKED, SELF-LOCKING 
TAIL STOCK 
SAFETY-GLASS GUARD 


WINDING FEATURES 
ELECTRIC WIRE BREAK & RUN-OUT DETECTOR 
QUICK-SETTING WINDING LENGTH CONTROLS 
TRAVERSE DIRECTION INDICATOR 


In addition, one operator can tend sev- 


eral machines placed side-by-side. 


DANBURY,. CONN 


adaptable lo tise in machine tools 


ippliances, vending machines, and air 


eralt equipment, Seven different types 


of plunger, spring and lever actuators 


ire available Illustrated is the pin 
plunger. made of polished stainless 
steel. Hinois Tool Works. Licon Switch 
ind Control Div., 2501 N. Keeler Ave 
Chicago 39, Il 
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ELECTROMECHANICAL 
ASSEMBLY KIT 


klectromechanical precision assembly 
kit ha been completely revamped by 
the addition of five times as many new 
jrart Fourtees Component hangers 


prebored to variou ive make mount 


lor most electrical compo 
ent ind four blank hangers may be 
bored to take care of the rest 


at previou ly ivailable is only 


olid-hub 
ible a plit hub gears as well. Adapter 


component ire now avail 


ears, mitre pears, bevel gears and anti 
smacklash pears have been idded to the 
list 

Bearing hangers dial assemblies 
haft adapters, couplings, terminal as 
hand rank 


clutches, a differential (with various 


emblies a magnets 
end gears) and inertia load disks are 
included. Limit stops are also available 
\ Micro-Switch assembly and its as 
wiated cams and pulse disk are in 
cluded 
The mounting board design has also 


been redesigned The holes in” the 


HYCOR 
me ELLE 
MAGNETIC 
CLUTCHES 


Only 1 watt of power 
required... 


to develop 15 oz. in. of torque 
with a response time of 5 milli 
seconds. Only two moving parts 
which eliminate all maintenance 
problems 

Minimum dimensions (only 
1” o.d.) facilitate their use in 
compact assemblies. Extremely 
low cost enables designers to 
utilize the benefits of multiple 
clutching in inexpensive elec 
tronic equipment 


Send for 
Bulletin C-1 
for complete details 


Hycor's systems engi 
neers will be pleased to 
assist in special design 


applications 


Representatives in principal cities 


OIViISiION OF INTERMATIONAL RF ANCE MPANY 


12970 Bradiey Avenue, Syimar 10, Calif 
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COPPER 


ALUMINUM 


COPPER 


~--and General Plate Division 


ALCUPLATE 


(Copper clad aluminum) 
is a case in point 


CUTS COPPER COST BY 15 TO 30% 
CONSERVES CRITICAL COPPER 


ALCUPLATE, made by permanently bonding solid copper 
to one or both sides of less expensive aluminum, has virtu- 
ally the same physical and electrical properties as solid 
copper — at much lower cost. 

ALCUPLATE can be stamped, drawn, or formed in a 
work-hardened state — without annealing — and the cop- 
per provides an ideal surface for soft soldering or electro- 
plated finish. This permits fabrication of many parts and 
products, at savings of 15% to 30% over solid copper. 

Here are typical products in which ALCUPLATE is now 
saving money: 

Electrical terminals, clips and shims 

Small motor housings 

Electronic component cases, cans, brackets, and chassis 

Heat transfer assemblies 

Fin and tube-type radiators 


ER INQUIRY SERVICE CARDS, PRECEDING BACK COVES 


wo Metals 

are often 
better 

than One 


@ Printed circuits 
@ Household utensils 
@ Costume jewelry and giftware 

If you are seeking metals with useful characteristics 
that can't be found in a single metal or alloy look to 
General Plate Clad Metals. If you want stronger or lighter 
components — or better electrical and mechanical proper 
ties or fewer corrosion problems or if you are in- 
terested in conserving critical metals or reducing parts 
costs, you should be investigating General Plate Clad 
Metals 

Catalog PRK-700 covering base to base and precious to 
base clad metals, TRUFLEX* Thermostat Metals, com- 
posite electrical contact, buttons and rivets are yours for 
the asking. New PR-226A folder with clad metal samples 
also sent free. Write for it 


You can profit by using 
General Plate Composite Metals! 


METALS & CONTROLS CORPORATION 
GENERAL PLATE DIVISION 


45 FOREST STREET, ATTLEBORO, MASSACHUSETTS 





Where precision is essential... 


7 ' 
Th rent Wi {lh } i Ady Ny hid i Cal Lda satu 


Fesoanclvanlentelivstvssttovaabuse ¥ovnntasstbonssDovstlosoabonstlin “ Desscsheaiaallenaae a 


hi vif rainy lala oda yt 


PAT. sume ©. OC 


— 


Oscillator Turret 


THE HEWLETT-PACKARD COMPANY of Palo Alto, Cali be readily molded and offer high resistance to heat 
fornia, as a manufacturer of electronic equipment and arcing 
has found that PLASKON Alkyds molding com- According to Hewlett-Packard, glass-reinforced 
pounds can and do meet all of their exacting speci- PLASKON Alkyd molding compound is “the only 
fications! plastic thatmetall our requirements.” Inother instru- 
In the VHF Signal Generator pictured above, for ments, H-P has had equal success with PLASKON 
instance, a material was needed that could guarantee Products using both mineral-filled and glass-rein- 
absolute dimensional stability to a component part forced alkyds 
thus assuring the instrument's unfailing accuracy We pass this “success story” on to you, with the 
It had to be strong enough to hold silver insert thought that what PLASKON Products can do for 
without loosening during a life of 50,000 cycles. It others, they can do for you too. 


had to have a low coefficient of thermal expansion, 
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pet Panne, bgaiy iyo Main eg bud Lissbaseebonstycentocnetesvnboeneboortone welll 


4 31 
ablatlstoltetatotatolotstotatatvl biletetatathRetatetet slats + Lnesbinoebaonsdonnilh 


Jahapalglalglalatytagta AAylil sgh by yagerbyayeypge mato, aman 
: seven <aeenn cot ¥. 4 5 MADE INU. @,A, s ? 


OL C.22.'08 


1. Transformer Terminal 


molding compounds’ 
costs considerably 
production engineer 
We also get appreci 

part uch as probe 
nad to be 

molding com 


1 propertie 


ir component 


2. Transformer Bobbin 


3. Probe body Insulator 


For further information on PLASKON Plastics and 
4. Coil Case addre BARRETT DIVISION, Allied 
al & Dye Corporation, 40 Reetor 


} 


6, N.Y. Hanover 2-7300 Apes 
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board are now tapped. The hanger 
mounting clamp is a4 one piece unit 


with a captive “crew To ~ave space 


. 7 
the board and leg design has been 
race! nin changed to allow stacking several 
, boards 

- Servoboard is now available in three 
cs J kits: a basic kit. Model 1111. will meet 
(i; s\ a the needs of simple arrays, occasional 
: > int and some laboratory needs; the 
~ Ye Standard Kit, Model 1112, will satisfy 
 . the general requirements of average 
2 use: Master Kit is planned for exten 
on ro AY R4 sive use. Servo Corporation of America 
4 , = 20-20 Jericho Turnpike, New Hyde 

Park, N. ¥ 
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Actual size 


NORTH SENSITIVE RELAY Type ir-226 


Hermetical aled ensitive Type Temperature 
Range 6s A no ( Jero B es or Chatter a THERMISTOR KIT 


Gs Sliock and 500 Cycle Vibration Tests—SPOT at 20 | | j i j 
mw. DPDT at 40 mw coil input—100,000 Operations at welve standare thermistors are pro 


Rated Load of 2.0 amps at 30v DC resistive vided in a plastic compartment case 
provided with specification sheets cover 
ing dimensions, electrical characteris 


tics and lemperature-resistance rela 


for application fitness 


for high reliability 


for long life 


tionships of the rod-type thermistor 


o 
CCl In addition, thermistor applications in 
@® eee 4 electrical and electronic sensing, con 
trolling and indicating devices are cat 


alogued The thermistors, each individ 


ually packaged, cover resistance ranges 


from 25 to 1.000.000 ohm The kit i 
designated Number 100. Bendix Avia 
tion Corp Friez Instrument Diy 
Baltimore, Md 

Circle No. 63, Reader Inquiry Service Cards 

preceding bock cover 

MINIATURE TUBE SHIELDS 
Tube shield are of wrap-around con 
struction and are available to fit’ any 
i or 9-pin Type T T-6 


) » oF » outline 
glass envelope. Base of the Uni-Shield 


Catalog upon Re quest clamps firmly on all types of sockets or 


lips, minimizing vibration and break 
INDUSTRIAL DIVISION 
age. Outstanding feature of these tube 


shields is the clamping method. Three 
i t t i H E L 3 > | 7 C C 1 M an | | angled extrusions spaced equally 
588 South Market Street, Galion, Ohio around the inside of the shield, centes 
the tube in the socket and exert a down 


ward pressure on top of the envelope 
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Need a spring for service above 500° F.? 


When it isa question of strength and resistance to fatigue 


and relaxation under corrosive conditions 


Particularly when temperatures range over 500° F. 


and other materials do not perform satisfactorily 


That is the time to see how INCO Nickel Alloys may 


solve the proble m for you. 


Inconel and Duranickel, for example, are widely used 
for springs that must resist relaxation at stresses up to 


70.000 psi and temperatures up to 650 | 


Inconel “X” goes even further. It maintains 90 per cent 
of its room-temperature mechanical properties up to 
900°F., 80 per cent up to 1L00°F. Combines excellent 
resistance to heat, corrosion, and relaxation at stresses 


upto 100.000 psi. | Maximum recommended design stress, 


jxco, Nickel Alloys 


TOebt wate 


MONEL™ © “R’’ MONEL © “KK MONEL © KR’) MONEL 
“Ss” MONEL * INCONEL™ * INCONEL “X""" 

INCONEL “W’’" * INCOLOY™ * NIMONIC™ Alloys 
NICKEL * LOW CARBON NICKEL * DURANICKEL® 


KEADER INQUIRY SERVICE CARDS, PRECEDING BACK COVEF 


corrected. dee reases as heat exceeds (OO I.) 


Other Inco Nickel Alloys—Monel, “K” Monel, Perma- 
nickel” help solve 


nickel, for « Kar ple combines good electrical « onductivity 


vecial spring problems. Perma- 
| | | 


with excellent heat and fatigue resistance. 


Why don't vou let Ineo 


right spring for severe service 


engineers help you find the 


THE INTERNATIONAL NICKEL COMPANY, INC. 


rie i 
EM 


corrosive condition 


i new booklet on 


Name 
Company 


Company Addre 





ANY Number of Citeui 


assembied 
without 
hardware 


New self-covered 750 volt sectional pres-SURE-blocks are avail 
able 


blocks or in separate sections for user's assembly 


either as completely assembled ‘one-piece’ terminal 


Settions with factory installed contacts are available in either a 
slip-fit design for hand assembly and disassembly or a pres-fit 
design for permanent assembly by means of a simple fixture 


18 thru §4, to 
70 amp's) or for looped or terminal-ended wires ( 8 and smaller, 


Contacts are available for either stripped wires ( 


to 35 amp's); latter featuring exclusive ‘captive’ screws 


Write for Bulletin M-5 


Se 


i 
>aae 
E A hi pi 


ELECTRICAL PRODUCTS i 


CORPORATION be 
AN Type HILLSIDE, NEW JERSEY / — 
uy 


Tern al Strips 


é 


ie” 


Geasaccumulator Co. (Canada) Lid, 


' 
sIN CANADA 12 Gower St, Toronto 16, Ontario 


an E. 


TINNED ARMATURE BANDING WIRE 


—Stainless or Carbon Steel 


STAINLESS * ‘The many superior qualities of 
PAGE Stainless Tinned Armature Banding Wire 
have made it the choice of leading motor manu- 
facturers. PAGE superior tinning facilitates solder- 
ing. It has high tensile strength (200,000 psi and 
up) for compactness...low permeability and high 
resistance for greatest efficiency. It is non-corro- 
sive for safety and long life. More economical than 
bronze, as smaller diameter can be used. 


CARBON STEEL + Inexpensive tinned banding wire for 
lower-priced motors. Available in three grades: A, B, and Cl. 
The high strength of Cl is an advantage where light weight 
must be achieved. 


All above wires shipped on 50-to150-pound reels 


Wire or Write our Monessen, Pa., office for full information 


Page Steel and Wire Division 
AMERICAN CHAIN & CABLE 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn 


preventing it from vibrating or working 
loose. 

Made of electrolytic tin-plated steel, 
the straight tubular construction of Uni- 
Shield is said to provide maximum air 
with minimum heat radia 
tion. The Fred Goat Co., Inec., 314 Dean 
St.. Brooklyn 17, N. Y. 
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circulation 


SMALL LOW-PRESSURE 
SWITCH HAS HIGH RATINGS 


Midget little 

5¥2 cu in. and has a rating of 15 amp 
at 120-250 volts a-c. 
Cat. 115 Control 


on a statu 


switch occ upies a over 
Designated the 
it is made to operate 
pressure of 1.5 in. we or 
more 

At this low 


ferentials of approximately 0.7 in. we 


operating pressure, dif- 


will be experienced. Increasing the 


value to 7.5 in 
differential will be 1.5 
Approximate 


operating pressure in 
we, the on-off 
in, we dimensions are 
144” x 1%e" x 2) 

suitable for applications 
interlock 


cluding air-cooled electronic equipment 


Switch is 
requiring an air switch, in- 
and in air conditioning equipment where 
used to operate defrosting 
equipment. The Henry G. Dietz Co 
12-16 Astoria Blvd Island City 
2. tae ee 
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it may be 


I ony 


Posteard return cards are 


vided preceding back cover 


convenience to the reader 


taining further information on 


New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 
Advertised Products 
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| ISOGLAS TUBING 
FILLS THIS GAP 


en) 


Natvar Isoglas tubing—tubular gla” 
braid coated with a newly deéevely 
oped isocyanate type resin — hee 
outstanding 


© resistance to heat 
® resistance to crazing and cracking 


resistance to solvents including the 
askarels 


toughness and abrasion resistance 
wet dielectric strength 


lsoglas tubing is ideal for protecting leads low temperature flexibility 
of motors, transformers and other opporatus ° ° eat 
for continuous operation at 150 C. Where fungistatic qualities 
conventional types of coated tubing and 

sleeving are vulnerable to abrasion or crack 

ing from rough production handling, the 

exceptional toughness of Isoglas virtually 

eliminates failures Potting presents no 

problems because the film shows no softer 

ing or loss of continuity after 15 minutes at 

435 F 


Natvar lsoglas may now be used with great savings by 


Natvar Products 
making it unnecessary to use expensive Class H materials 


Varnished cambric—cloth and tape 


. Vv ished v d duck 
to solve temperature problems during the manufacture of DE ne ee 


Varnished silk and special rayon 
products which do not require Class H rating. Varnished—Silicone coated Fiberglas 
Varnished papers-—rope and kraft 
. . Slot cell binat Aboglas” 
Full technical data and samples are available on request. ano ee eee 


Isoglas” sheet, tape, tubing and 
sleeving 


Vinyl coated—varnished—lacquered 
tubing and sleeving 
ye NV A T VA R co rR Pp oO be AT 1 ON Extruded vinyl tubing and tape 
Styroflex™ flexible polystyrene tape 


Extruded identification markers 
FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 


TELEPHONE CABLE ADDRESS 
RAHWAY 7-8800 NATVAR: RAHWAY, N. J. 


207 RANDOLPH AVENUE © WOODBRIDGE, NEW JERSEY 


Ask for Catalog No. 23 
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Laboratory 


and 
Engineering 
« 
For years designs requiring E ul ment 
lock nuts or lock wiring have plagued 


designers with problems of space, 

weight and costs. Each lock nut, even 

a small one, takes space, has weight 

and costs money. Every bolt locked RECTILINEAR RECORDING 

with wire requires a through hole in MILLIAMMETER 

the head, positioning and wiring. The 

simplicity of many a superior design Advantages of rectilinear recording 

has been lost due to these cumbersome presenting signals in their true rect 

methods of faste ning linear ee ind thus removing 
Now for the first time good designers the necessity of complicated data re 

can do away with these “design duction--are combined with operatot 

plaguers.” They can accomplish the convenience features in a new Reet 

same end results plus a saving of linear Recording Milliammeter 

weight Space and money by a new \ ruggedized ink writing valyanom 

revolutionary concept in fasteners eter-actuated instrument, with front 

Heli-Coil Mid-Grip Screw-Lock In- ace for all routine operations, the 

serts. This new fastener is a stainless dey 

steel wire insert with locking threads. The 

It can be installed easily and puts the 

locking effect inside the tapped hole located switches and controls writing 
protects the tapped threads for life desk 
and locks the mating screw or the 

bolt with the same torque as a lock 

nut. This Screw-Lock Insert not only 

provides a stainless steel protecting 

thread, locks the screw or bolt, but 

most important of all —eliminates the 

space and weight of a lock nut—the 

wiring necessary in lock wiring. 
Heli-Coil Mid-Grip Screw-Lock In- 

serts can readily be distinguished from 

regular non-locking Heli-Coil Inserts 

by their distinctive red color. 


(acts cREW-LocK INSERTS _ 


Products of Heli-Coil Corporation, Danbury, Conn. 


ice has manv convenience feature 
«¢ include: front-located signal tet 


minals (rear terminals optional front 


area on. chart lor notation 


4 


i— 


NTERNAS 
Loc 


Screw-Lock Inserts meet AN-N- 
5b and MIL-N-25027 military 
specifications for lock nuts. 


front-located = zere adjust swin 
~y =HELI-COIL CORPORATION chart paper carriage for easy pape 
, 205 SHELTER ROCK LANE, DANBURY, CONN. reloading; accessibility to perform all 


routine maintenance and adjustment 
{] NEW — Design manual available on regulor Heli-Coil 


S Th di t procedure - without removing case or 
crew rea naerts 

suss | and f tip “gear-shilt 
[-] RUSH complete design data on Heli-Coil Mid-Grip Screw disassembly; and finger tip “gea u 


Lock Inserts for changing chart speeds 


, ; a 
l ) WIRE your neorest representative to phone me at Rectilinear writing is made po ible 


[ ] Send me, FREE, Heli-Coll, your case history periodical by spec ial pantographic linkage This 
includes a durable fixed jeweled 
Name Title gimbal mounting for the noncorrodin 
pen and a freely moving A-frame with 
rs counterbalancing weights that) insure 
Address uniform pen pressure throughout the 
full 445 in. deflection and simpli 
calibration and adjustment 
Heli-Coif Corporation has an outstanding staff of Thread Fastening Engineers. If Added 
your company would be interested in Thread Problem Symposium’ CHECK HERE inking 


City Zone State GD 3053 


feature is a fully enclosed 
system that is protected from 


dust, evaporation. and spillage. Ink 
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From 1931 to 1956, the size of 
Mallory motor starting capac- 
decreased, 
at the 
left to today’s capacitor at the 


itors has steadily 


from the unit shown 


extreme right 


Mallory Motor Starting Capacitors 


Keep Growing Smaller 


The past quarter century has seen well over a 
seven-to-one reduction in the physical size of 
Mallory Today, 


the capacitors you can choose for use in air 


motor starting capacitors 


conditioners, refrigerators and scores of other 


motor-driven appliances are exceptionally 


compact, easily mounted in limited space 
And their performance has grown as their 
size has shrunk. 

Constant refinement 


ol tech- 


niques, basic designs, and control of materials 


production 


has built these outstanding qualities into 
Mallory capacitors: 


Serving Industry with These Products 


Electromechanical—Resistors * Switches * Tuning Devices * Vibrators 


Electrochemical—Capacitors * Rectifiers * Mercury Batteries 


Metallurgical—Contacts * Special Metals * Welding Materials 


READER INOUIRY SERVICE CARDS, PRECEDING BACK COVER 


...Performing Better 


Long life—even at elevated temperatures, high 


voltages. 


Accurate capacity—close tolerance manufactur 
ing assures precise Capacitance values for 


high starting torque, uniform cut-out timing. 


Moistureproof construction—rugyed plastic case 


protects against effects of humidity 


Characteristics like these have made Mallory 
capacitors the choice of leading appliance manu- 
Se sure to 


facturers. pecify them for the prod- 


ucts you make. They fit your space requirements 
.and they match your toughest specifications. 


For complete facts, write or call Mallory today 


Expect more...get more from 


P_R.MALLORY @ CO. inc 


| MALLORY 


MALLORY & CO., Inc INDIANAPOLIS 6, INDIANA 





improved facilities 


to serve you better... 


transformers 
for any custom 


Z 


WINDING LABORATORIES, Inc- 
P. O. Box 455, Dept. 106, Trenton, New Jersey 


level in the sealed reservoir is visible 
from the front of the recorder, and 
refilling—also from — the front—is 
simple 

The instrument weighs less than 27 
lb oceupies less than , cu-ft, and 
measures 15 in. x 9 in. x 8% in 

Electrical characteristics: | ma for 
full seale deflection, (4% in. active 
chart width), 1500 ohms input resist 
ance, and undamped natural frequency 
of 2 cps 

The 100-ft chart roll can be run at 
a choice of 10 speeds in inches per min- 
ute or inches per hour—making possible 
continuous recordings ranging from | 
hr and 40 min to 60 days. 

The instrument can be operated from 
a-c, d-c, or spring-drive. Adapters are 
built in for external drive. Texas In 
strument Inc., 6000 Lemmon Ave 
Dallas 9, Tex 
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EIGHT-CHANNEL 
OSCILLOGRAPHIC RECORDING 
SYSTEM IN MOBILE CABINET 


Compactness and mobility are two of the 
features of 8-channel oscillographic re 
cording system, Model 158-5490, which 
is designed primarily for recording ana 
log computer outputs, but may also be 
used for other types of recording. 
Overall, the new system measures 6 
in. high, 25 in. deep and 22 in. wide. All 
amplifier and recorder controls are 


mounted on the top of the cabinet, for 
maximum operating convenience. Push- 
pull or single-ended input signals are 
fed into miniaturized, dual-channel d-« 
amplifiers of improved, current feed- 
back design. System features include 
0.1 v/m sensitivity; 5 me input imped- 
ance (each lead to ground); flat 
frequency response to 20 « ps, down 2 db 


at 50 eps for all amplitudes to 4 cm 
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100,000 Hour Life Expectancy 


Manufactured to the 


HIGHEST STANDARDS 


OF RELIABILITY IN 


THE INDUSTRY |! 


Uniimited 
sizes 
and types — 
pressed 
powder 
or vacuum 
processes 


100% Functional Test 


Quality Control Sampling 


RIQAP 


Quality Audit 


SELENIUM POWER RECTIFIERS BY 


nternational 


Widest Range in the industry Over 75% of America’s foremost users of Power Rectifiers 


Selenium and Germanium specify International! You can depend on International's broad 


Power Rectifiers experience and versatile manufacturing ability to provide the 
pare hema most practical answers to your rectifier problem, A complete 
Applications Advisory Department is available to quickly deter 

mine the right rectifier for your product; the right manufacturing 

process to assure you superior, trouble-free performance. A wire, 

letter or phone all will bring you an inte diate and exXpe;ricn ed 


recomine ndation for your re tifier applic ition 


International Rectifier 


oe a & Fo R A TF b @ 


EXECUTIVE OFFICES: Fi SEGUNDO, CALIFORNIA: PHONE OFF 


GON 6.6261 


, 


WORLD’S LARGEST SUPPLIER Oo F INDUSTRIAL RECTIVSIgRs 
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Custom - wade 


[ a 


covering a 
complete range 


* 
tonite is your dependable 


source of supply for all types of coils for 
vital industrial and special applications 


built to YOUR requirements 


Only the finest materials are used, sub 
ject to your close inspection. All coils are 
vocuum impregnated and made to close 
tolerances. Send your specifications for 


prompt quotation 


PAPER SECTION FORM WOUND 
LAYER BOBBIN 
PRECISION WINDING 


HIGH TEMPERATURE COILS 


Stonite 


COIL CORPORATION 


ROUTE 25 YARDVILLE, NEW JERSEY 
EXport 4.5949 


peak lo pe ak Other features include 
nine chart speeds from 0.25 mm see to 
100 mm/sec, and true rectangular co 


Indus 


sachusett Ave 


ordinate recording. Sanborn Ce 
trial Diy 195 Ma 
Cambridge 39. Ma 


Circle No. 67, Reader inquiry ‘ 
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TEST CHAMBER HAS 
—100 TO 500 F RANGE 


Altitude simulation test chamber with a 


temperature range of trom 100) to 


OH | without modification Incorpo 


rate a 64 cu-ft test space Features 


nelude completely iulomatic operation 


je8 


air circulation, mercury manometer 
calibrated in thousands of feet. and a 


sulety heaters 


thermostat to protect 
againeat accidental burnout 
The chamber provides accurate sim 
ulation of atmospheric conditions at 
high altitude under ultrasonic velocities 
and the controls are designed to dupli 
cate the results of rapid changes in 
acceleration. American Research Corp 
433 Brook St.. Bristol, Conn 
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SINE WAVE GENERATOR 


Model 1200 Sine Wave Generator gen 
erates pure sinusoids from | eps to 1b me 
(plus overlap) in 6 decade ranges. Dis 
tortion is less than 0.1 per cent for any 
frequency of amplitude Low eutput 
impedance of 600 ohms is constant for 
any setting of the amplitude control 


The signal (0 to 8 volts rms) contains 


| 


HOW DOES GARRETT 
GIVE SUCH SERVICE? 


What others may call impossible 
Garrett comes through as routine 
service. It seems as though they 
treat each order as the only one in 
their three plants. Everybody pitches 
in for service with the customer in 
mind. 


If it is a stock item such as lock 
washers, flat washers, spring wash- 
ers or hose clamps the order is usu- 
ally on the way the same day. If it 
is stampings or assemblies Garrett 
engineers, production men and die 
makers team up to make their high 
speed automatic equipment really 
hum ... and your order is in your 
hands in half the time. 


Want to be surprised by real serv- 
ice you can't beat? Next time send 
your order to Garrett for... 


LOCK WASHERS 
FLAT WASHERS 
HOSE CLAMPS 
SPRING WASHERS 
STAMPINGS 


Manufactured by 


GEORGE K. GARRETT CO., Inc. 
Philadelphia 34, Pa. 


OF PHILADELPHIA 
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(WAGNER ELECTRIC. 


For years Wagner motors have been the first choice 
of many leading manufacturers of air conditioners, 


refrigerators, freezers, water pumps and motor 


driven tools. They meet the requirements of many 


other similar 


applications because of their high 


starting torque and low starting current. 

Now these Wagner motors are lighter in weight and 
smaller in This that 
smaller motor housings—build lighter motor mount 
ings. Wagner motors are easier to handle and easier 


size, means you can design 


A Complete Line 


Type RP, Polyphase fractional horse 
power motors. Available in YW, %4, 
Vy, Ya, and % hp ratings. Rigid or 
resilient base—sleeve or bali bearing 


Type RA, 


WY, to 15 hp. 


BRANCHES AND DISTRIBUTORS 


S...THE CHOICE OF 


Repulsion-start 
run single-phase motors 
tions requiring high starting torque 


LEADERS IN 


choose these 
smaller, 
lichter, 
motors... 
for 
modern 


equipment 


to stock because they take up less space, 


low 


offer 
a minimum of servicing i 


And these motors 


maintenance costs—only 


required—they give many 
years of reliable service with unu ual freedom from 


vibration and noise 


Available in repul lon-start or capacitor-start types 


open or totally-enclosed—sleeve or ball bearing 
with rigid or resilient bases or machined endplates 
for flange mounting. Write today for Bulletin MU-185 


which gives complete information, 


Single-phase and Polyphase Motors 


induction and 


Type RK Capacitor-start. VY, Ya, 
% hp ball bearings 
The resilient mounting offers unusual 


freedom from vibration and noise 


For applica sleeve or 


Wadaner Electric @rporation 


6454 Plymouth Ave., SH. Lovis 14, Me., U.S.A 


IN ALL PRINCIPAL CITIES 




















Experience has shown that connector problems fall into three main classes 
~~(1) Selection of the most suitable connector trom thoes, SaNPaaEE 
(2) Modilication of an existing type or the use of a od 

“special” —or, (3) Design and use of a new type or series. 


MINIATURES AND SUB.- MINIATURES 


of 
c 





yi THREE POPULAR MINIATURES 


The first problem may best be met by the use of Cannon Electric Condensed 
Catalegs (ICC and RJC) plus the Plug Guide (CPG) and the small 8-page Guide 
which are keys to the various engineering bulletins on such types as AN (MIL Speci- 
fication), Miniature, Rack/Panel/Chassis, Audio, etc. Ii modifications are required, con- 
sult your loca) Cannon Representative who in conjunction with factory sales engineers, con- 
stantly is making adaptations to fit special needs. New designs are always being considered, 
designed, and developed by Cannon Electric. For those whose requirements are “off-trail,” a 
“Connector Requirements Sheet,” fully filled in, will save time and effort in arriving at a suitable 
design. We will gladly send this sheet upon request, plus the new Miniature Bulletin, or the other bulletins. 


Please Refer to Dept. $00 


CAINNONEIPLUGS 


CANNON ELECTRIC CO., 3208 HUMBOLDT ST., LOS ANGELES 31, CALIFORNIA 
WORLD’S LARGEST EXCLUSIVE MANUFACTURER OF ELECTRIC CONNECTORS FOR INDUSTRY 


no d-c component. Stable amplitude, 
freedom from drift, and high calibration 
accuracy are insured by a fully regu 
lated power supply and = generous 
negative feedback. 

rhis new instrument utilizes a special 
frequency-generator circuit requiring 
only two vacuum tubes. No wave filter 
or complex distortion-reducing device is 
needed. Use of etched circuits and 
miniaturized components has cut the 
weight to 23 lb. Size: 74 x 10% x 
1345 in. Donner Scientific Co., 2829 
Seventh St., Berkeley 10, Calif. 
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ALL-TRANSISTOR 
BATTERY-OPERATED 


VIBRATION METER 


All-transistor vibration meter with a 
self-contained power source, can be 
used to measure the amplitude of vibra- 
tions in the 10- to 1000-ceps frequency 
range. Known as Type 1-128, the new 
instrument uses two ordinary 221'4-volt 
dry batteries to provide power. Because 
of its complete portability, the meter 
is expected to be found useful in 
troubleshooting machine tools, and per- 
forming many other tests where it is 
inconvenient or impossible to make 
connections to an a-c socket. The 1-128 
has been designed to produce direct, 
unambigous readings under the severe 
environmental conditions frequently en- 
countered in these applications. All 
circuit components are mounted on a 
single etched-circuit board which forms 
the chassis. For convenience, the carry 


ing handle on the meter case can be 


voted back to hold the meter at a 
deg angle. When swung forward 
handle unlocks the two halves of 
case, which are hinged loge ther at 
bottom. Manufacturer’s self-generat 

gy pickups can be used with the meter 

to sense vibration, indicated directly on 
the large easily read dial as mils peak 
to- peak displacement. Consolidated 


Ick CARDS PRECEDING 


Here’s the fastest way to 
produce finished wire leads! 


Allen-Bradley Co., producers of motor controls, use 
several Artos CS-6 automatic wire cutting and 
stripping machines in their Milwaukee plant 


MEASURES, 
CUTS and 


STRIPS 
3000 STRIPPED WIRE LEADS in one hour wire, cord 


.each precision-cut with both ends per- 
and cable 


fectly stripped. That’s the speedy pace set 


by the Artos CS-6 in producing wire leads at speeds up to 


up to 15 inches in length! Production 3000 


rates vary in proportion to the length cut. 
* 
Highly accurate machine operation reduces preces per hour 


work spoilage to an absolute minimum. Errors 
due to the human element are eliminated. There 
. ——— 
is no cutting of strands or nicking of solid wire. a 
2-Conductor Twisted Wire 
PROVED PERFORMANCE —_——— 
Time-consuming hand stripping jobs which Single Conductor Solid Wire 
once were a bottleneck in many plants are gone se 
forever. As a result, Artos automatic wire 2-Conductor Parallel 
m Stranded Wire 
strippers are paying their way in the mass pro- 
duction of television and radio sets, electrical RCTS See 


appliances, motor controls and instruments of 300 Ohm Television Wire 


all kinds. il a. 


Plan now to cut wire stripping costs in SJ Cord 


your plant... with the high speed, automatic 
Artos CS-6. estes Cord 
eater Lore 


CS-6 CAPACITY appease ue 6528 


Finished Wire Leads Per Hour: Braided Cord With 
lengths to 15’’, 4000; 64''-97"” lengths, 500. Rubber Jacket 


Stripping Length: 1'.'’ max. both ends 


Cutting Length: max., 97°’; min., 2"; special, 


BULLETIN 


CS-6 can save you money, manpower and time 


AR 1 OS esr 


2741 South 28th Street * Milwaukee 46, Wisconsin 


WRITE FOR » Descriptive technical sheet tells how the Artos 





CARBON-GRAPHITE Materials 
and Components 


Solve problems of friction, temperature, corrosion, 
arcing . . . and many others 


LONG-WEAR 
FRICTION 
SEGMENTS 


As a broke material, or 
in friction drives working 
against steel, Stackpole 
friction segments provide 
maximum life and effi 
ciency——even under pres- 
sure changes and ele 
vated temperatures. 


ELECTRONIC 
TUBE ANODES 


Non-warping, long-life Stackpole anodes as 
sure lower temperature operation, uniform 
characteristics and important cost savings for 


electronic tubes of many different types 


NON-WELDING or FILMING 
ARC-RESISTANT 
CONTACTS 


Stackpole silver plus refractory material 
contacts speil top efficiency in many 
electrical applications where ordinary 
contacts cause trouble because of ar 

ing, welding or filming. Send details of 


application for recommendation 


LOW-FRICTION BEARINGS 


Stackpole carbon-graphite bearings are readily 
formed to clo tolerances Con po hor anda 
shape can readily be designed for maximum eff 
ciency on specific applications. New high temper 


ature types now available 


BRAZING BOATS 
and TRAYS a 


=— 
Practically any shape or size ee) 
Withstand extreme thermal shock 

permit quick cooling. Alloys 


do not stick to tray n brazing 


BETTER 
RUST PROTECTION 


For pipe lines, marine struc 
tures, ship hulls, tanks, struc 
tural footings and other 
buried or hnmersed metal ob 
jects. Stackpole Cathodic Pro 
tection Ground Rod an be 
obtained from 


Control Ine 


STACKPOLE CARBON COMPANY 
St. Marys, Pa. 


OTHER STACKPOLE PRODUCTS INCLUDE BRUSHES 

for all rotating electrical equipment e metal powder 
ELECTRICAL CONTACTS e CARBON DISCS (piles) e CHEMICAL ANODES e SEAL 
RINGS e CLUTCH RINGS e PUMP VANES e MOLDS and DIES e WELDING CARBONS 
RESISTANCE WELDING and BRAZING TIPS e POROUS CARBON e PURE CARBON 
SPECTROGRAPHITE e ELECTRIC FURNACE HEATING ELEMENTS e WATER HEATER 
and PASTEURIZATION ELECTRODES and many more 


ET LA LTRS RT a! emma RR Sm = =e ALS 
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Electrodynamics  Corp., 300 North 
Sierra Madre Villa. Pasadena 8, Calif 


Circle No. 70, Reader Inquiry Service Cards 
preceding bock cover 


TENSION METER 


Tension meter. which can safely meas 
ure tensions up to 20 Ib during the 
processing of wires, cables, coils, cords 
and similar products, uses an original 


lever design to insert the Tension Meter 


into the wires or cords. The handle 
moved sideways from the top of the 
instrument and as far away as possible 
from the running wires so as to elimi 
nate risk to the operator's hands 

Base of the instrument has pointed 
vuides so that the apparatus can be 
inserted between wires running it 
parallel and one picked out of several 
without stopping the machine or have 
one’s hands near current edges 

Gear trains have been replaced by 
means of a lever-and-helix arrangement 
The lever-operated meter is approx 
imately 8 in. high. 6 in. wide and has 
a depth of 2% in. Dial is 3% in. in diam 
The meter uses a “compressed” dial 
the digits denoting the first 41% Ib of 
tension occupy a space of approximately 
'y of the dial circumlerence Thus 
there is ove rlapping in reading tension 
in the low range of the new 20 th 
imstrument Fensitron. Ine Harvard 


Ma 
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CHAMPION 


SYNC 
SELECTOR 
os 


4 a SELEC 


pu MOm 
‘\ an 


CONDENSED SPECIFICATIONS: 


VERTICAL DEFLECTION: sinusoidal response, flat 
to d.c., down not more than 30% at 150 kc; deflec- 
tion factor, 20 p-p mv/inch 
HORIZONTAL DEFLECTION: identical to vertical 
axis except deflection factor, 25 p-p mv/inch (due 
to higher deflection factor of horizontal deflection 
plates). 
SWEEPS: mode, driven or recurrent; frequency, 2 cps 
to 30kc; beam gate, automatic during forward sweep. 
AMPLITUDE MEASUREMENT: (both X and Y axes) 
range, 0.1, 1, 10 and 100 volts full scale; accuracy, 
+ 5%, 
PHASE SHIFT: amplitude controls at max., less than 
1° below 150 kc. 


Cm 


ror 


~ ” 8 , 2 


Not just another low-frequency 
cathode-ray oscillograph but a de- 
cidedly grown up instrument com- 
bining the best features of the 
laboratory standards by Du Mont 
which have gone before it. All these 


features and more: 


Ag MBES TE NR Eg GRe Ss 


Exceptional stability — all voltages 
regulated 


No drift —less than 10 mv in 8 hrs. 
including 10% line voltage changes 


@ Identical X- and Y-amplifiers 


Amplitude calibration on both axes 


@ Accurate X-Y plotting at frequencies 


from d.c. to 150 kc. 


Ideal for precise phase shift 
measurements—less than 1° relative 
phase shift below 150 kc. 


Superior sweep linearity with 
hard-tube circuit 
Automatic beam brightening 


on sweeps 


Automatic beam brightening 
for transient plots 


@ High brightness—3KV acceleration 


Provision for very slow sweep rates 


ONY ~ oo? 
ONLY 


IMMEDIATE DELIVERY! 


Write for complete specifications 
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HYPOT for High 


Potential Dielectric 
Strength Testing 
HYPOT Juniors 
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"Precision Instruments Since 1936" 
3794 W. Belmont Ave., Chicago 18, Ill. 
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Literature for the Design Engineer 


All-new listings of manufacturers’ literature just off the 


press . 


. including catalogs, manuals and other reference 


publications relating to components and materials for 
designed-in use in electrically energized end products. 





GEARMOTORS 


way 


Complete with a cuta 


view showing construction 


2408 de 


major 
&-page bulletin No. | 


feature 


scribes a line of with 


NEMA 


comple tely 


gearmotors new 


and 
heads, I] 


how examples of the wide 


rerated frame dimensions 


redesigned pear 
lustrations 
election of — types mountings, en 
available 


se ler 


sper ifi« 


closures and ratios Unit-type 


tion of gear 


allows ¥ 


construction 
motors to meet 


Available gear 


requirements 


listed. Re 


motors are 


liance Electric & Engineering Co. 
Circle No. 121, Reader Inquiry Service Cards 


preceding back cover 


ALLOYS FOR ELECTRONICS Entitled 
“Precision Strip for Electronics Appli 


cations,” 8-page Bulletin No. 7 provides 
data on thin-gage beryllium copper 
phosphor bronze, nickel silver, chromi 
um copper, stainless 17-7PH, Invar and 


magnetic strip down to 0.0005 in. thick 


Pable “ 


properties are 


on mechanical and physical 


included, as well as data 
and applicable specifica 
Products 


122, Reader Inquiry Service Cards 
preceding back cover 


on tolerances 


tions. Penn Precision Ine 


Circle No 


SELECTOR FOR ELECTRONIC TRANS- 


FORMER CORES—Featuring an 8 in 
Perrygraf dial, the HyperCore Sele 
tometer has been designed to automat 


ically show catalog number of required 


electronic transformer well as 


the 


core as 
and dime hsions cor 


selected 


weight, price 
re ponding to the 


Also available is 


00 


core area 


a 24-page catalog, SK 


providing performance data on 


HyperCores which are made = from 
yrain-oriented silicon teel They are 
available in lamination thicknesses of 
12, 5, 4, 3, 2 and 1 mil. Moloney Elec 
trv Ca 
Circle No. 123, Reader Inquiry Service Cards 
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TANDEM TRANSISTORS —Housed in a 


single case, two d-c-coupled transistors 
ire designed for use as oscillators 
multivibrator flip-flop switching de 
vices, and related units The tandem 
transistors function as a two-stage cas 


cade. Illustrated 4-page brochure points 
out that no extra power! supply is re 
quired since the first transistor repre 
sents the base leak for its successor. A 


low power, low frequen y type MT-1 is 


available Marvelco Electronics 
Div., National Aircraft Corp. 


Circle No 


now 


124, Reader Inquiry Service Cards 
preceding back cover 


MINIATURE HERMETIC TRANSISTOR- 
IZED SERVO AMPLIFIER 


hermetically 


Miniaturized 


sealed plug-in transistor 


servo amplifier, described in 2-page bul 


letin, is primarily intended to receive 
signals from a synchro control trans 
former and to operate a Keofott type 
4122185 servo motor or equivalent. The 
amplifier is designed to meet environ- 
mental requirements of MIL-E-5400. 
lransistor compliment consists of two 
2N43 and one 2N57. Weight, 4 oz. M 
Ten Bosch, Inc 
Circle No. 125, Reader Inquiry Service Cards 
preceding back cover 

TESTING INSTRUMENTS REFERENCE 
BOOK— Ranging from simple thickness 


leak de 


research 


gages to a mass spectrometer 


tector, instruments for and 


development described in 40-page GEC 
1016 are grouped under such headings 
as: metals testing and Inspection equip 
devices; strip-chart re 


ment; timing 


control; and 


corders: power supply 


vibration. General Electric 


Circle No. 126, Reader Inquiry Service Cards 
preceding back cover 


RAPID-REVERSING MOTORS 


of a bulletin on rapid-reversing motors 


Feature 


is a Cutaway view showing the construc 


tion of a blower-cooled, rapid-reversing 


motor capable of more than 200 idle 
reversals per min. Among other types 
described are open drip-proof models 


and totally enclosed types. Engineering 
information provided covers motor re 
versal calculations and formulas on in 


The Louis Allis Co 


Circle No. 127, Reader Inquiry Service Cards 
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PRINTED-CIRCUIT 
“The Soldering of 
technical bulletin 
soldering of printed circuits under such 
Surface To Be Soldered: 
Soldering Techniques; and Fluxing the 
Additional pages deal 
(pplication of Rosin Fluxes to the Cir 
cuit; Removal of Flux Residues: 
Summary. Pointed out is that adequate 


SOLDERING —Fy, 
Printed Car 


discusses the 


titled 


cuits,” 
headings as 
Circuits with 
and a 
attention given to the surface of the cir- 
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PROPERTY AND APPLICATION DATA 


eo) Mis) me ty iS ail em Pais Pee 


“ZYTEL,”’ "ALATHON," "TEFLON," "LUCITE."’ 





Light, molded coil forms of ZYTEE nylon resin 
simplify ammeter design problem 
































. 


Coil forms of “Zytel’ for the General Electric 
AK-4 and AK-5 hook-on volt-ammeters are 
shown above. The high dielectric strength and 
easy moldability of this material make it well 
suited for such applications. Inset shows rela 
tive size of easily held volt-ammeter. (Coil form 
molded by Plastics Division, General Electric 
Co., Pittsfield, Massachusetts.) 














































Type-U clamps of “Zytel” 
save time and money 


in wire bundle installations 


Combining the characteristics of heat 
stability, flexibility and impact strength, 
Du Pont’s *‘Zytel’’ nylon resin is now 
being molded as a clamp assembly for 
holding wire bundles. This clamp makes 
it unnecessary to tie the bundles, a prac- 
tice which often resulted in cutting 
through the insulation. 


These clamps cut installation and re- 
wiring costs by simplifying application 
and reducing tool requirements. Fuel 
resistance of *‘Zytel’’ makes these clamps 
especially useful in aircraft and auto- 
mobile manufacture. (Manufactured by 
Dakota Plastics Co., Compton, Calif.) 


















































Easily installed terminals 
of TEFLON® 
save time, cul costs 


Stand-off and feed through terminals of 
“Teflon” tetrafluoroethylene resin are 
constructed in both miniature and sub- 
miniature sizes. They provide economy 
by reducing labor time and assembly 
costs. These terminals of ‘Teflon’’ are 
of a molded, one-piece construction, and 
can be simply and permanently mounted 
into chassis holes by means of an inex- 
pensive insertion tool—no other hard- 
ware is needed. (‘*Press-Fit’’ terminals 
manufactured by the Sealectro Corpo- 
ration, New Rochelle, New York.) 
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General Electric utilizes 
high dielectric strength of 


“Zytel” in AK-4 and AK-5 


hook-on volt-ammeter 


Compact designs, such as the coil 
form for this G.E. hook-on volt- 
ammeter, are possible when using 
“Zytel” nylon resin. “Zytel” can 
be molded into complex shapes 

retains its strength even in 
thin sections. Another important 
advantage of Du Pont *‘Zytel’”’ is 
that it can be injection-molded 
at low cost per part. 


In electronic applications of all 
kinds, “*Zytel”’ 
advantages. It is used for wire and 


offers many design 


cable jacketing and for molded 
components where its mechanical 
strength and heat resistance cou- 
pled with its superior insulating 
characteristics, give outstanding 
results. A thin jacketing of *‘Zytel” 
nylon resin on electrical wire pro- 
and excellent 


vides insulation 


abrasion resistance. 


It will pay you to investigate 
Du Pont **Zytel” for your own use. 
Because of its unique combination 
of properties, ‘Zytel”’ nylon resin 
can do a better job for you in a 
variety of applications. It can be 
molded into light, tough, resilient 
mechanical parts—gears, cams 
and bushings, requiring no lubri- 
“Zytel” features good 
form stability and resistance to 
most and chemicals. 
Parts of “*Zytel”’ can be 
drilled, sawed, threaded 
or punched. 


cation. 


solvents 
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PROPERTY 


AND APPLICATION DATA 


ON THESE VERSATILE ENGINEERING MATERIALS: 
“ZYTEL,”’ “ALATHON,” “TEFLON,” "LUCITE.”’ 










































































































































































Du Pont LUCITE” makes 
clear, durable strip lens 


Lens of “Lucite’’ acrylic resin for 
Stromberg-Carlson communication sys- 
tem control panel magnifies call numbers 
with maximum optical clarity. Illumi 
nated by a small dial lamp under the 
panel, these numbers are easily 
visible from a distance. “Lucite” resists 
cracking, crazing and chipping and is 
unaffected by age. (Lens extruded by 
Anchor Plastics Co., Long Island City, 
N.Y.) 


steel 


£. |. OU PONT DE NEMOURS & CO 


Please send me more information on the Du Pont engineering materials checked 


Alathon Teflon lucite’. | am 


NAME 
COMPANY 
STREET ADDRESS 
ciry 


TYPE OF BUSINESS 





(inc.) POLYCHEMICALS DEPARTMENT 
ROOM 201, Du Pont Building, Wilmington 98, Delaware 
in Canada: Du Pont Company of Canada, Lid., P.O. Box 660, Montreal, Quebec 


interested in evaluating these materials for 


VITWYVT 


ND 


Insulation tape of 
Du Pont TEFLON’ now available 


in N.E.M.A. standard coding colors 


Where high temperatures, high fre- 
quencies, and high voltages are in- 
volved, tape of ‘Teflon’’ tetrafluo- 
roethylene resin is finding a variety 
of uses in the electrical industry. 
Insulation wrapping for thermo- 
couple lead wire, high quality hook- 
up wire, and coaxial cables, as well 
as dielectric for condensers, are only 
a few of its many new uses. 

Tape of “‘Teflon’’ is particularly 
outstanding in television and FM 
transmission lines where the ma- 
terial must have low power loss and 
be able to withstand the rather high 
temperatures built up within a 
transmission installation. (Manu- 
factured by Raybestos-Manhattan, 
Inc., Manheim, Pennsylvania.) 


‘Teflon’ offers a combination of 
Illustrated are typical standard coding colors 
in which tape of “Teflon” can be obtained 
Available in all the standard N.E.M.A. colors 
including—black, brown, red, orange, yellow, 
green, blue, violet, grey and white—this colored 
Teflon” offers the same unique properties as 
does the white, plus the added advantage of 
polarity identification 








Zytel’’; 


POSITION 


STATE 


properties previously not obtainable 
in a single material. It is nonflam- 
mable, has zero water absorption 
and withstands temperatures from 
—450°F to 500°F. It shows good arc 
resistance and leaves no carbon 
residue along a discharge path. 


Except for fluorine gas and chlo- 
rine trifluoride, both at high tem- 
peratures, and the elemental alkali 
metals, ‘‘Teflon’’ shows no reaction 
to chemicals. No known industrial 
acids or caustics will attack “*Teflon” 


Are you familiar with this Du Pont 
engineering material? Perhaps your 
electrical applications could be im- 
proved with the use of “*Teflon”’ in 
your manufacturing process. Send 


for complete property data today. 





Tape of “Teflon” can be used as conductor 
insulation for armature or field, coil wrapper, 
slot liners, taping of coils, lead insulation and 
coil separators within slots 








SEND FOR MORE 
INFORMATION 


Clip the coupon for addi- 
tional data on the proper- 
ties and applications of 
these Du Pont engineer- 
ing materials. 








cult and the protection of components, 
<olves the basic cause of poor soldering 
ind eliminates need for strong corrosive 
fluxes and high soldering temperatures 
London Chemical Co., Inx 
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SOLID FILM LUBRICATION 
ing the latest technical advances of 
maker's solid film illus 


trated pamphlet incorporates results of 


Dis« uss 
lubrication 


recent laboratory and research efforts 


ind points out advantages of maker's 


solid film lubrication process, which is 
said to lubricate under high loads, high 
speeds, high and low temperatures from 

100 to 700 fF 


to 1100 F), and produces dry, clean and 


(in some applications 


dust-free operation. Electrofilm, Inc 
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HEATERS 


Immersion 


AND HEATING DEVICES 
strip and cartridge heaters 


and heat 
Bulletin 


catalog 


ire among the electric heaters 
discussed — in 
GECI1005G. The 60-page 


provides information on tubular, oven 


inp devices 
also 
ind other 


types of heaters. Soldering 


irons, temperature control instruments 
ind related devices are among addition 
illustrated and 


(,eneral Electric Co 


il products described 


Circle No. 130, Reader Inquiry Service Cards 
preceding back cover 


ALUMINA CERAMICS 


some of the more frequently used Al 


Properties ot 


SiMag alumina ceramics are listed in a 


t-page bulletin listing properties and 


major characteristics of each grade. In 
formation is also provided on Alumina 


compositions in two broad divisions 


dense aluminas and aluminas with con 
trolled 


presente d and 


porosity. Application data are 


representative produc Is 
hown. American Lava ¢ orp 
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MICA MAT Produced 


mica and mica trimmings 


from domestic 
fabricator’s 
Mica Mat is an insulation material de 


igned to be fabricated into efficient 


(lass B or Class H insulation. Twenty 


page pamphlet 


points out that the 


COPMIZE d advantage s of 


permanence 
stability. outstanding electrical proper 
ties and temperature of mica have been 
with 


Klectric Co 


retained plus feature General 
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EXPANDED SCALE 400-CYCLE FRE- 
QUENCY METERS Built for panel 
mounting, the expanded scale 400-cycle 
meters 
-heet F-1l are 


monitoring and 


Panel 


frequency data 


iccurate 


described — in 
designed for 
control of line fre 


both 


quency mounting ize ot 


PRECHEI 


LP hp, age 


"EM 


ROLLING! 


It’s good to know you can 
always depend upon Kester 


I lux-Core Solder to keep pro- 


duction rolling. That's be- 
Kestei 


quality a 


cause makes solder 


> » , i r 
never-sSwe rving 





BE SURI 
formative 


dame ntal 


7 p d 


KESTER SOLDER 


ee 

KESTER 
raat e ‘ai rated t 
_ SOLDER 


os 


habit, insisting on constant 
solder alloy control and con- 
sistent flux formulae. When 
you want dependable solder 
and soldering Kester Solder is 


the right name to remember! 


YOU GET Kester's 
Texthook “SOLDER 
and | ave : 


78-Pape In 
Its Fun 








COMPANY a209 Wrightwood Avenue, Chicago 39, Illinois 


Newark 5, New Jersey * Brantford, Canada 


we 





DANO 
OILS 


to 


Production 


Alse 


A multitude of coils 


for a multitude of 
applications requir 
Dano 1s 


pace 


changing coil 
Kee} em 
Dano 


ing coils 
keeping with 
today 5 
needs 
coming 18 the 
Motto ind you can 
very coil 

hon made to 

XaAct pce fica 
ions. From design 
engineer to the pur 
hasing agent to 
Dano 1 perfect 
lifeline’ t produc 


tion 


CALL or WRITI 
TODAY, and 
DANO'S quote will 


De on the way 


Bobbin Coils 

Form Wound Coils 

Paper Section Coils 
Acetate Bobbin Coils 


Cotton 
Coils 


Interweave 


Coils for High Tem- 
perature Applications 


Encapsulated Coils — 
in either Polyester or 
Epoxy Resins 


TRANSFORMERS MADE T 


THE DANO ELECTRIC CO. 


93 MAIN ST 


WINSTED, CONN 


custom and militar » in 
round, The latter types are rugeg 
and sealed, Magnetic ce 


iminimum of copper at 


edized 
mponents with 
d iron are used 
to ave weight Arga Di Beckman 
Instrument line 
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D-C AMPLIFIER 
d-c amplifyin 


Recently introduced 
Z instrument is described 


t-page data folder 


scriptions and 


in a containing de 


schematic drawing of 


four typical applications of the instru 


ment, as well as general technical 


information concerning and cur- 


voltage 
rent amplification. The amplifier, elec 
tromechanical in nature, is suitable for 

direct 
Fielden 


Robertshaw-Fulton 


most industrial and laboratory 


current measuring problems 
Instrument Diy 


( ontrol Co 
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ENCAPSULATED WIREWOUND RESIS- 
TORS —Illustrated bulletin PH uses 
text, tables and illustrations 
the Series PH enca 


wirewound re 


lo de m4 ribe 
psulated precision 
<istors, said to 


quirements of MIL-R-93A. In 
to models 


meet re 
addition 
suitable for use in’ printed 
sistors are available 
radial le id and solder 
luge type Hycor Div International 
Resistance Co 


wiring circuits re 


in axial lead 
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HIGH-CAPACITY A-C MOTOR CAPAC- 
ITORS 


ac motor 


Availability of high-capacity 


capacitors is announced in 


Bulletin No 178 
Both ty pe deseribed the 
KXT, are 


plications in 


consisting of 2-pages 
+ pap 


KNT and 
uitable for motor-running ap 


plit-phase motor circuits 


uch as in air conditioning and retriger 
ation equipment, voltage regulators, fan 
Cornell 


ind busine machines 


Dubilier Electric ¢ orp 


motor 


“ ee 
Circle No. 136, Reader Inquiry Service Cards 
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PRECISION BEARINGS < 


cision bearings for 


designated Catalog 


atalog on pre 
pecial applications 
AF B-I 


antitriction 


provides inh 
formation on bearings for 
pres ial 


load 


double row 


application Dimensions and 
ratings are given for single row 
deep radial, and 


addition 


yroove 


ingular contact bearing In 


general bearing requirements for spe 
cial designs, high and low temperatures 
corrosion. resistant and non-magneti 
propertie are discussed. Industrial 
Tectonics, Une 
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STANDARD PLASTICS PARTS 


design, ¢ 


Product 
ngineering, custom molding 


ind production are among the services 


stock 
ineered so that they can be 
adapted to Ilus 


offered by a tabricator featuring 


molds eng 


readily 


specific needs 


EL 
STEELBACK 
te) Bae 


Me da 
“avant gee Oe 


VE 


HIGH CONDUCTIVITY Gibson steel- 
back electrical contacts are made 
by individually bonding each sil- 
ver facing to its steel backing 
When steelback is welded to sup- 
port, the bond provides a highly 
conductive electrical and thermal 
path 


PERMANENT BOND Excellent bond 
between silver and steel will not 
separate. No solder is in the bond 
Certainty of flawless bond elimi- 
nates possibility of high-resistance 
joint between facing and backing 


NO RUSTING Nickel plating on all 
surfaces of steel backing before at- 
taching silver facing assures free- 
dom from rust 


ECONOMY Nickel or monel can be 
used in place of steel as backing 
material to prevent costly rusting 
if backing is damaged. For stand- 
ard-size steelback quotations, sub- 
mit mate rial de sired, dimensions 
(shown below) and ordering quan- 
uty. Special sizes also available 


ELECTRICAL CONTACTS 


5 
a 
Te vo Ata by 


SCR Maeda eer ty 


8349 Fraonkstown Ave Pittsburgh 21, Pa 


ELECTRICAL MAN 











New subminiature sealed switch 
is environment-free; mounts 
interchangeably with MS25085 


Sealed in a corrosion-resistant, 
treated aluminum enclosure, 
this tiny switch is environment- 
free; highly vibration and 
shock resistant. It carries 5 
amps. at 125/250 V.A.C. with 
an electrical life rating of 


100,000 operations. Low op 
MODEL EF-3 
erating force and small move- 
Single Pole, Double Throw 
Move. Differential, 004 Max. 
Overtravel, .003 Min 
Oper. Force, 5 to 17 oz 
Release Force, 60 gram 
Elec. Life Ratings 
150,000 ops. @ 125/250 V. A.C., 


ment differential make it ideal 
for bi-metal temperature, dia 
phragm operated and other 


‘feather-touch” devices, while 


2.5 AMP. small size permits mounting 
a @ 125/200 V. AC., singly or ganged in restricted 
50,000 ops. @ 30 V. D.C space. Rugged and dependa 


(2.5 AMP., IND.; 4.0 AMP., RES.) 


Amb. Temp., —65° to + 180° F ble, it has positive snap action 


Tiny, new 40 amp. basic switch has high 
capacity, longer life and constant 
stability of tolerances 


Measuring only 134” x 43/64” 
x 43/64”, the new Electro- 
Snap G3-8 Basic Switch han 
dles current ratings up to 40 
amps. A new method of com- 
bining Electro-Snap’s double- 
break action with a heavy-duty 
switching element assures elec- 


MODEL G3-8 


trical and mechanical life of 

100,000 cycles at large capacities; also provides constant sta 
bility of tolerances and accurate repeatability. New plastic 
compound case gives the switch an ambient temperature rating 
of 65° to +300° F. with extreme shock resistance. Small 
size makes it ideal for motor controls and compact automation 
set-ups. A wide range of actuators is available 


OPERATING CHARACTERISTICS 


Single Pole, Double Throw Oper. Force, 30 ozs 
40 AMPS @ 125/250 V. A.C Overtravel, .025'' Min 
@ 3 V.DC. Res Move. Differ., 055 + .010 













































BASIC DIECAST 
SWITCHES ENCLOSED 
SWITCHES 


TO Mil & AM SPECIFICATIONS 


HERMETICALLY SEALED 
LIMIT SWITCHES 


FOR CIRCUIT DESIGNERS 











New simultaneous triple-pole switch 
interrupts 3-phase ac. circuits; 
6-circuit control in a small package 


This completely new Electro-Snap 
triple-pole switch simultaneously 
reverses current flow through 
three windings of a 3-phase motor 
up to | H.P. and interrupts other 
types of multi-switching installa- 
tions. Instantaneous “make” and 
“break” snap-action of the three 
poles is independent of the speed 
of actuation—even extremely 
slow moving cams can be used. 

The K3-4 Series offers designers 
a wide variety of 3-phase circuit 
hookups for servo-controls, to 
limit movement of machine mem- 
bers and as a start-and-stop switch 
which formerly were possible only 
with complicated relays or a num- 
ber of separate switches. A large 
selection of standard actuators 
is available. 





~ MODEL K3-4 


Triple-Pole, Double Throw 
15 AMP., 125/250 V. A.C 
30 V., D.C. Res 

10 AMP., 30 V., D.C., Ind 
Overtravel, .015 Min 
Move. Diff., 028 + .007 
Mech. Life, 1,000,000 ops 
Elec. Life, 500,000 ops. 






New small basic switch is 


low cost; directly interchangeable 
with AN3234 Specs 


The new Electro-Snap F2 
Series snap action switches are 
extra-compact with extremely 
high electrical capacity for 
their size. Mechanical and 
electrical life at 1/32” over 
travel is 150,000 operations, 
minimum, with accurate 
repeatability and constant sta 





~~ 


F2 SERIES 


bility of tolerances. Self-aligning springs provide contact wiping 
action rare in a switch of this size 

Durable case of special plastic gives the switch an ambient 
temperature rating of 100° to +275° F. or +375° F. Avail 
able, at low cost, in three basic models with a wide selection 
of actuators 


SERIES F2 BASIC SWITCH: F2-3: Single Pole, Double Throw 
F2-2: Single Pole, Normally Open; F2-1: Single Pole, Normally Closed 


OPERATING CHARACTERISTICS 


Electrical Rating: 10 AMP. 125/250 V. A.C. 60 cycles 

30 V.D.C. inductive and resistive (6 AMP, 30 V.D.C. for Airborne Application 
Operating Force, 7 to 12 oz Movement Differential, O11 + 005 
Reset Force, 4 oz. Min Overtravel, 1/32 Min 

Pretravel, 3/64 Max 


SEND COUPON FOR MORE DATA _ 






ELECTRO-SNAP SWITCH & MFG. COMPANY 
4238 W. Lake St., Chicago 24, Ili 


Please send data sheets on switches checked 


[} EF-3 subminiature sealed 
[} G3 — 40 Amp. basic 

["} K3 Triple-pole 

Cj F2 Extra-small basic 





NAME 


COMPANY 







ADDRESS 





city ZONE 











LCL LUM CTS 
ELECTRICAL ENCLOSURES 


One unit... or hundreds... KIRK & BLUM has the men, ex- 
perience and equipment to fabricate any sheet metal enclosure— 
cubicles, cabinets or control panels—to exacting specifications. 
We specialize in custom-built parts and assemblies of sheet 


steel, light plate, stainless, aluminum, monel and other alloys in 


ase 


gauges to % 


Write now for more detailed information . . . and your copy of 
the latest KIRK & BLUM Electrical Enclosures Catalog . . . pro- 


fusely illustrated. For prompt quotation, send your prints to the 
KIRK & BLUM MFG. CO., 3122 Forrer St., Cincinnati 9, O. 


Control Desks @ Cubicles @ Electrical Cabinets and Enclosures 
Outdoor Electrical Enclosures @ Instrument Panels @ Control Panels 
Transformer Tanks @ Test Stands @ Switch Gear Housings @ Louvres 


KIRK fLum 


METAL FABRICATION 


trated and described in a 34-page cata 
log are a variety of parts, including 
heavy and medium duty lever handles 
mountings, and related components for 
electrical and electronic equipment 
Harry Davies Molding Co 
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COIL WINDING MACHINES —Forty-twe 
coil winding machines are discussed 
and illustrated in 62-page catalog No 
56. Practically all types of coils may 
be wound on the available models 
which include continuous resistance 
deflection yoke, bobbin repeater, trans 
former, and solenoid types, among many 
others. Geo Stevens Manufacturing 
( “ Ine 
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REGULATED D-C POWER SUPPLIES- 

Standard and precision single and twin 
inits are among the available types of 
regulated d-c power supplies described 
in an illustrated catalog. Ultra precision 
ingle units and magnetic-amplifier 
ontrol power supplies are among other 
ivailable models described. Regulation 
of standard models is approximately 
0.5 per cent; for precision models, from 
ipproximately 0.05 to O.1 per cent; and 
for ultra precision models, 0.003. pet 
cent. Universal Electronics Co 
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MANUAL MOTOR STARTERS New ap 
plication information on Types CR1061 
ind CR1062 manual starters for frac 
tional- and integral-horsepower motors 
with ratings up to 744 hp are given in 
Bulletin GEA-6358 Enclosure ind 
dimensional data are provided. General 
Klectric Co 
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HIGH TEMPERATURE CEMENTS | al) 


oratory pecializing in the custom 
formulation of industrial adhesive ind 
coatings, describes in a 4-page brochurs 
industrial cement with high fempera 
tures applications. These include grade 
HT-10) special thermoplastics coating 
with a high melting point, a coating tor 
coils and other components, as we ll a 
other formulations for use on electrical 
ind electronic unit Merad Labora 
lorics Ire 
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MINIMALIZED POTENTIOMETERS 


Potentiometers having a '4 in. diam are 


described in a )- page data sheet point 


ing out their suitability for transistor 
tirborne, computer and other compact 
issemblies. Specifications are provided 
for cylinder type 1OL-A trimme, poten 


tiometer having a power dissipation of 





Stuck? Got problems in 


design miniaturization that remind 
OG HK? Send forthe inside entaiies 
over 500 types and sizes of MPB*Ks Qedeoe- 


BALL BEARINGS ACTUAL SIZE 


Auch as these witl Kelb to make things. 
castor and easier and easle'r. 


- Snip Coupon now! 


MINIATURE PRECISION BEARINGS, INC., 2 PRECISION PARK, KEENE, N.H 


Send me without charge or obligation ( ) My copy of new MPB Catalog, 
( ) bi-monthly MPB ENGINEERING NEWS, ( ) special data on use 
of MPB's in the field of 
title 
stree t city zone state 
MINIATURE PRECISION BEARINGS, INC., KEENE, N.H. 
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SO SENSITIVE 
IT CAN MEASURE THE CHARGE 
BETWEEN YOUR FINGERS 


.@ © 
e 4 ° 

. , ix 
7@** 

. @ ; - 


CURTISS-WRIGHT 


, 


DYNAMIC CAPACITOR 
ELECTROMETER 


FOR STABLE AMPLIFICATION OF LOW-LEVEL DC SIGNALS 


Measures currents as low as 10°'* amp. * Extremely high input impedance .. . 


10'® ohms. * Low drift — less than 1 mv per 24 hours, * Uses dependable, 


durable dynamic capacitor. * Accuracy of Vy % full scale. * Only 14” »% 10" x9” 
The Curtiss-Wright Dynamic Capacitor Electrometer is ideal for meas- 


sources. There 
is no 60 cps interference since the Dynamic Capacitor Electrometer 


uring minute currents or voltages from high impedance 


operates at 1,000 eps. The instrument can be used to measure static 
charges, potentials of floating grids, insulation leakage currents, capaci- 
tor diclectric leakages; and to study transistors and diodes, Its rugged- 
ness, reliability, and high sensitivity make it especially suited for use 
in the nuclear field as a component in reactor control systems and in 
industrial control systems employing radioisotopes as energy sources. 
It can be used for pH determination, and in mass spectrometry. In bio- 
physics and medicine it may be used to measure cell potentials, skin 
potentials, streaming potentials, injury potentials, and nerve impulses. 
Besides providing an indication on its Own meter, it will operate any 
standard recorder. For details, write Nuclear Equipment Sales Dept., 
Curtiss-Wright Corporation, Electronics Division, Carlstadt, N. J. 


ELECTRONICS DIVISION 


AE 


CORPORATION + CARLSTADT, N. J 


at 20 C and a breakdown volt 
1000 volts. Carter Manufacturing 
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INDUSTRIAL SOLENOIDS Vio 

plete rating coveraue maller iZt 
ind yreater mounting flexibility are 
umong the advantages of i line of 
Strongbox solenoids described in 16 
page bulletin GEA-6215A. The solenoid 
has three lamination sizes and _ five 
stacking widths. making nine basi 
Trae iZes these have been designed 
to provide 24 ratings. General Electri: 


lo 
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RADIO INTERFERENCE TESTERS Ka 
dio interference ind field) intensity 
measuring equipment are deseribed in 
i +-page folder listing features of Model 
NM-IOA. Instruments combine labora 
tory precision with ruggednes ind 
portabilit for all-weather field opera 
lion over a range from [4 
Stoddart Aircraft Radio Co 
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RHEOSTATS AND RESISTORS Jext 
table ind illustrations of ¢ atalog No 
6 describe single and double-tube rheo 
tats ingle and double-tube resistors 
and gradual-taper and graded-taper 
wound rheostat Also available ine 
rheostats and resistors with noninductive 
Avrton-Terrs winding for high-tre 
quency circuits. Data are also provided 
on a series of toroidal core winding 
machines, including an automatic Ly pe 
available in five different models, and a 
viant type Rex Rheostat Co 
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MOTOR-STARTING CAPACITORS Ss 


ries of table provide pecihcations on 


‘ 


i line of a-c electrolytic metor-starting 
capacitors in which the units are housed 
in an aluminum cans insulated against 
grounding by means of a special cellu 
lose acetate plastic casing. Units are 
ivailable with screw terminals (desig 
nated Ty pe MMs) Standard ratin 


with maximum surge voltages are 
listed construction details are di 
ussed. George b. Coggins Co 


ne 
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OIL, AIR PRESSURE CYLINDERS  S;» 
cifteations mounting dimensions and 
other technical information on a new 
line of Spacemaker cylinders are pro 
vided in a condensed 6-page catalog 
Kight standard styles are offered in | 
to 3 in. bores: seven styles in 4 to 8 in 
bores. The cylinders are recommended 


for air pressure to 750 psi and air to 





1} standard with 


RADIO RECEPTOR 
GERMANIUM 


Available in Production Quantities 


Thanks to Radio Receptor’s recently developed controlled gold bond- 
ing process, there’s a new standard of excellence in glass diodes. 
Now you can have dependable, high conductance without sacrifice 
of desirable low leakage in reverse current. These diodes are tested 
in excess of military requirements and include every desired feature 


you’ve sought, including utmost stability, durability and precise size. 


CODE NO MINIMUM FORWARD PEAK INVERSE MAXIMUM REVERSE 
CURRENT AT +1V (MA) VOLTAGE CURRENT (UA) 
: a ep eeneS ene eee Glance at the specs of 


DR309 400 se a these four representa- 


tive types... You'll see 
why RReo, gold bonded 
oe : diodes will give you out- 

10 @ 10V standing performance. 
DR308 50 @ 50V 


DR310 ui 50 @ 100V 





—_—€ 


DR301 








If yowre working on... 


Computers * Receiving equipment ¢ Transistor biasing « Magnetic 
amplifiers * Modulators + Demodulators + Pulse circuitry « Logic 
circuitry * Metering * Varistors 


_... The new RReo. gold bonded diodes offer a golden opportunity 
for lesign and development in these and many other applications. For 
the full list of types available, write today to Dept. [EM-16 


Semiconductor Division 


sha | RADIO RECEPTOR COMPANY, INC. 


Reliable | Radio and Electronic Products Since 1922 
i 


240 Wythe Avenue, Brooklyn 11, N. Y. © EVergreen 86000 


Radio Receptor Products for industry and Government: Selenium Rectifiers « Germanium | 
Thermatron Dielectric Heating Generators & Presses « Commur Radar & Navigation Equipment 





A 


METAL 
ACTUATING 


BUTTON METAL 
SWITCH 


CASING 


SILICONE, 
re NEOPRENE, 
P or VINYL 

CASING 


SNAP-ACTION 
ELEMENT 


Normally 
Closed 


STATIONARY Normally 
CONTACT Open 


STATIONARY 
CONTACT 


Features complete sealing from effects of 
water, dift and oils ® Vibration resistant up to 
240 gs ® No resonance up to 7000 C.P.S. e 
Will take 2000 ft. Ibs. shock test © Rated 10 
amperes resistive 28 V. D.C. or 11S A.C. @ 
Actuators made to fit individual requirements 
® Silicone, neoprene or vinyl molded cases ® 


A 


Wire leads from 6 inches to 48 inches optional 


CONTROL PRODUCTS - INC. 


SO6A SUSSEX STREET @ HARRISON @ NEW JERSEY 


y ET] gy The 7 Ee, A NE yah NI En 


200 psi. Delivery of cylinders “ott the 
shelf” in as many as 64,000 different 
combinations of styles, bores, strokes 
mountings, etc., is said to be possible 
Tomkins Johnson Co 
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ELECTRICAL TAPES— briefly described 

t-page brochure are polyethylene 

plastics-coated, and cloth elec 

tape. Characteristics are listed 

and application data supplied. The Ket 
dall Co., Polyvken Sales Div 
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ALUMINA CERAMICS FOR ELECTRON- 
ICS—-Typical shapes and sizes of avail 
able alumina ceramik structures ire 
listed in a booklet providing additional 
data on, and typical shapes and sizes of 
alumina ceramics for electronics. These 
materials can be metalized with stand 
ard processes to yield vacuum-type high 
strength brazed assemblies suitable for 
vacuum tube closures transformer 
bushings, etc. Diamonite Products Div 
of United States Ceramic Tile Co 
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FERROMAGNETIC PLASTICS Advan 
tages of ferromagnetic plastics, pointed 
out in a preliminary data bulletin, i 
clude the flexibility it affords electron 
ics design engineers, since it is available 
in the form of flexible rod and flexible 
tape, as well as in the form of rigid 
magnetic cores. Designated Ferrotron 
the material is characterized by tem 
perature stability to 200 C; moisture 
stability at 100 per cent RH; good 
machinability high impact strength 
and excellent dielectric strength. Pol) 
penco, Inc., Subsidiary of the Polymer 
Corp 
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HEATING ELEMENTS —Complete line 
of standard heating elements, as well 
typical custom-made units, are reviewed 
in B-page ¢ atalog No. 102. Standard 
units are insulated with silicone rubber 
and are designed to operate continu 
ously up to 450 F. They are manufs: 
tured to a resistance tolerance of 

per cent. The thin, space-saving ele 


ments vary trom 0.05 to O.LOO 4 
Klectro-Flex Heat, In 
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CONNECTORS WITH HERMETIC SEAL 

Developed primaril lor aireralt ay 
plications, series 1400 connector fea 
tures pin contacts hermetically sealed 
im the tainle tee] receptacle hell 
Socket contacts in the plug are spring 
temper phosphor bronze gold-plated 
When connector is engaged. an O-ring 





Two of the new Leesona No. 107 


Automatic Coil Winders recently 
Clock and Timer Department of the General Electric Company, 
word in automatic coil winder design, 


installed in the 
\ hland Mass The last 
107’s wind paper-insulated coils in stick form 


Automatic operation eliminates human error, reduces wire breakage to a minimum, cut 


production time and costs 


Inset shows 
chron timing units with coils precision-w 


a Type H3 Synchronous Motor, one 


of many Tel ™~!, 


vund on Leesona No. 107 machine 


Clock and Timer Department, General Electric Company 


selects Leesona Coil Winders as standard equipment 


General Electric Department 
adds No. 107 machines for proved 


production advantages 


The synchronous timing motors 
made by the Clock and Timer Depart- 
ment of the General Electric Com- 


pany are accuracy and 


famous for 
dependability. 

One reason why is the 
ciency maintained by this 
of the ¢ 
its wide range of coil winding opera 


tions. Leesona Coil Winders are 


high efh- 
department 
veneral Electric Company, in 


FOR WINDING COILS 
IN QUANTITY... 
. AUTOMATICALLY ...USE 


. ACCURATELY 


our Leesona No. 107 Coil Winders 
is a big advantage. Allowing an 
initial paper insert of 119", it elimi- 
nates the usual 2°," insert when 
starting winding. On these particu- 
lar coils the result is considerable 
savings in wire.’’ 


standard equipment at General Elee- 
tric Telechron plants and during 
a recent expansion of production fa 
cilities, Leesona No. 107 
Coil Winders were 
additions. 

Leesona No. 10 are fully 


automatic. Every feature is designed 


Automati 
Important new 
7 machines Get the Whole Story 

on how Leesona No. LO7 Automatie 
Coil Winders can bring new, profit 


hoosting efliciency to your own coil 


to produce compact, uniform, paper 
insulated coils in fastest time 
with minimum operator attention 
at lowest cost. This 


department report 


winding produc tion. For « omplete de 


(5¢ P ‘ ‘ 
neral Eleetri tails on thi advanced machine and 


othe r he Ipful ‘ oil winding information 
“The Short Paper Attachment on check and mail the coupon today. 


UNIVERSAL WINDING COMPANY 


P. O. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 135 
Please send me 
| | Bulletin on the Leesona No. 107 Automatic Coil Winder. 


[ Condensed catalog of Leesona Winders. 


| Bulletin on the new Leesona Pay-As-You-Profit Plans for purchasing or leasing modern 


coil winding machinery. 


Name... 


Company.. 


UNIVERSAL WINDING MACHINES 





ELECTROCRAFT 


PLUGS-JACKS: CONNECTORS qo 
TM LTO LOLA 


Plugs, jacks and connectors in true miniature sizes are 


now available for all electronic and industrial applica- 


tions. The tiny plugs, 2 conductor type with combina- 


tion clamp and solder lug terminals, pass the same 500 


volt breakdown test as do plugs many times larger. Min- 


jature jacks are also 2 conductor type, with either open 


or closed circuit. Tiny microphone connectors are avail- 


able in both cord mounted and panel mounted types 


For plugs, jacks and connectors . .. standard or minia- 


ture... call on Electrocraft. 


Division of Hamilton-Pax, Inc. 


——- =- @ 


3747 N. Kedzie Avenue, Chicago 18, Illinois 


When you specify rubber products “developed by 
Goshen” the finest laboratory facilities and technical 
know-how provide the exact compound and the 
precision fabrication your problem de- 
mands. Consultation in design stage is 
always welcome. 


Our Ath ; Send for FREE, 8-page brochure - tells 
1916 + 1056 how Goshen Rubber can help you. 


CUSTOM DEVELOPMENT AND FABRICATION SINCE 1916 


2854 S. TENTH ST GOSHEN, IND. 


GORSYN 


Synthetic rubbers (not 
silicones) that remain 
flexible in temperature 
ranges of —65°F to 
+300°F; and —20°F 
to +400°F 


O 
GORLUBE 


low-friction treatment, 
for O-rings and parts 
mode of natural, syn- 
thetic, and silicone 


rubbers 
O 
GORBOND 


Process for securely 
bonding rubber parts to 
metals of most every 


kind 
O 
TETRASEAL 


A precision-cut, rec- 
tangular-section static 
seal. interchangeable 
with standard O-rings 


Oo 


See our catalog 
in Sweet's 
Product Design File. 


-eals mating surfaces of rece ptac le and 
socket, Six polarizing key positions are 
ivailable Exploded views complete 
specifications, and mounting and clear 
ance dimensions are provided. Elec 
tronic Sales Diy DeJur-Amsco Corp 
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VOLTAGE-REGULATED POWER SUP- 
PLIES Among the voltage-regulated 
power supplies described in an illus 
trated 4-page brochure are the KR 
Series, which are conservatively rated 
and designed for continuous duty at 
90 C ambient. Regulation is less than 
0.2 volt for line fluctuation from 105 
125 volts and less than 0.2 volt for load 
variation from O to maximum current 
Other types are available. Kepcoo Lab 


oratories 
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MARKING TOOLS —-Fifteen page bro 
chure No. 11 illustrates and discusses 
models ranging from hand stamps to 
automatic marking machines, discussing 
the products in which they are used and 
various fixture setups for marking op 
erations Representative custom-built 
tools are shown: illustrated case his 
tories show range of marking-machine 
applications. George T. Schmidt, Ine 
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SEMIPRECISION BALL BEARINGS — [1 


formation on a line of semiprecision 
ball bearings covers available ly pes 
(standards and specials), sizes, and ap 
plication data, Details on nylon bear 
ings, developed for low rpm use, are 
also included. Standard bearings are 
available for shafts up to and including 
loin (Applications include use on small 
power tools and other equipment. Free 


way Washer & Stamping Co 
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GERMANIUM RECTIFIER POWER 
STACKS Improved heat dissipation 
lightweight and rigid construction are 
among the feature listed for a line ot 
germanium rectiier power stacks whose 
connections are soldered to the fin, thus 
eliminating terminal lugs The yerman 
ium diffused junction rectthers en 
ployed in the stacks are manutacturer s 
types IN9L, IN92, and IN93. Federal 
Pelephone and Radio Co 
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SUBMINIATURE RELAYS  \lidget li 

metically sealed relays, described in a 
k-page brochure can withstand vibra 
tions of 5 to 500 eps at 10 ¢ and opera 
tional shock of 50 g for 11 millises 
Ambient temperature range 65 to 
125 C: altitude, to 70,000 ft. Units are 
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It is fitting that the new Packard, a car of royal distinction, should face 
the world with a grille that has the look of gold. It is, in fact, of gold 
TC CRC CL Cae 
AU Ce mC Lm Gl) 


Here is far more than another advance in motor cor styling. For this 
grille of Revere Aluminum not only lightens the front end but is strong 
Ce COM Ma CMT 
the only metal that lends itself so perfectly to finishing of this type. The 
hues of the rainbow and more are attainable MCMC Lue 
itself, must be right. The choice of Revere Aluminum for this exacting 
function is a further indication of how thoroughly Revere knows its 


Pe Oe ee CMe ae CS CD 


If you are using aluminum or planning to, you con turn to Revere with 
confidence for sheet, tube, pipe, extruded shapes, bus conductors, forgings 
and foil. Why not call the nearest Revere office now? In all principal cities 
Revere Copper and Brass Incorporated, Faunded by Paul Revere in 1801 
OCU UL Cee ee) a | 

*Grille is of Revere Aluminum Sheet. Before anodizing to give it the 
gold color and protective coating, it is skilfully perforated by The Harring 
ton & King Perforating Co. of Chicago; and accurately formed by Auto 
motive Stamping & Manufacturing Co. of Detroit 


nl 





looking for a 
reliable plastic molder 


who knows you're his 
bread and butter and 


then here's sweet 
ee 


For specialists in the compression 
molding of thermosetting mate 
rials and complete die making 
facilities contact Kuhn and Jacob 
Let 


staff 
present 


their sales and engineering 
save you money on your 


jobs and future needs 


Write for Free Catalog 


KUHN & JACOB 
MOLDING & TOOL CO. 


1201 Southard St., Trenton 8, NJ 


Represented by 
S$. C. Ullman 
55 West 42nd St, New York, N. Y 
Phone PEnn 6-0346 


Wm. A. Chalverus 
Carson Road, Princeton, N. J 
Phone 1-3170-J2 


Wm. T Wyler 
Box 126, Stratford, Conn 
Phone Bridgeport 7-4293 


designed tw 
5757B and 
bilter Inv 


Circle No. 158, Reader Inquiry Service Cards 


preceding back cover 


MIL-R 
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specications of 


MIL-R-25018 


ELECTRON TUBES 


acteristics 


Qutstanding char 


of thyratron 


tube are 


rectihers, twin 


power triode . 


voltage regulators 


and detailed in a 


Other types 


relerence 
condensed 4 pape brochure 


of tube for commercial 


industrial and 


military applications described include 


decade 


tube 


hydroge n thyratron 
and 


Klectronics 


counters 
spree ial Purpose Chatham 
Dis 
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ol Gera Corp 


Circle 


SUBMINIATURE FEED-THROUGH CA- 
PACITORS 


ind ten 


Complete line of both five 
feedthrough 


subminiature 
ivailable 


military 


amp 


Cupar lors now com 


applications, are 
deseribed in an illustrated 
lrademarked the 


capacitors are said to 


from the 


9 page cata 
bil-Cap, the 


represent a de 


loy 
- 


parture conventional type of 


feed-through capacitors commonly used 


for interference suppression in’ ele 


Filtron Co., Ine 
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tronic equipment 


Circle 


HIGH SPEED INDEXING MECHANISMS 
Full 


selection and 
of high 
“iiss are 


No. 106 


culating 


application data 


on 


speed indexing mech 


fiven in cali ilog 
methods of cal 


load requirements 


24-page 
Included are 
load ratings 
based on a minimum of 8000 hr opera 

the di 
standard 


tion without 


maintenance, and 


stock 


mensions of 


many and 


drive 


Catalog introduces a 


new 


tandard package drive for index 
ing straight 
the Iran 
Pool Co 


Circle No 


unit 


asst mbly 


kerg 


machinery 
Mac hine & 


thson 
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ELECTRICAL SPECIALTIES 


listed in 52-page 


ire witches of all 


\mong 
No. 84 


ratings 


item catalog 


Ly ye with 
brass 
equipped with pushbutton 


-witehe 


from O75 to 20 amp ind phenolis 


lamp holder 


or pull-ehain industrial lamp 


guard and miscellaneous 


New 
ipplians ‘ 


parts and 


listed 


switche 


Lecessorit items inc buck 


pecial-use 
ingle 
witche 


Circle No 


and 


ind) two-cire 


MeGill 


uit IS-amp toggle 


+ 


Manufacturing Co 
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GLASS-BONDED SUBMINIATURE GER- 
MANIUM GLASS DIODES 
data 


Iwo puge 


sheet furnish technical 


pecihea 
gold bonded sub 
diode - 


high 
ty pe ~ 


tions for five types of 


miniature 


Phese 


resistance 


eermanium ylass 


include high conductance 


and high temperature 


i \/ NEW LITERATURE 


t 


ANYWHERE! 


“To Expaud Your 
AAC Product Satest 


STANDARD and HEAVY Duty &f 


INVERTERS; 


yeti D.C. to A.C 


Designed f 

+ Televisior a 
’ 7 

~ 


) ial 


\/ NEW mooELs 
Vo NEW DESIGNS 


“A” Battery Eliminetors, 
DC-AC Inverters, Avte 
Radic Vibrators 


See your jobber on write factory 


AMERICAN TELEVISION & Rabio Co. 


Luality Products Since 1931 


SAINT PAUL 1, MINNESOTA—U. 5S. A. 





eos VNRETR USE 


High capacity 
basic switch 


_—-# 


Subminiature 
toggle switch 


Type "V3" switch 


re 


"V3" rotary 
selector assembly 


A continuous flow of 
Precision Switch developments 
anticipates designer’s needs 


Whatever the design requirement 
whether it calls for unusually small size, 
unusually high electrical capacity or un 
usual actuation and circuit arrangement 

there is a4 MICRO precision switch to 
meet it. That is why designers have 
long made it standard policy to check 
with MICRO SWITCH as new 
develop. 


needs 


Shown here are just a few small, 
pact switch designs that are typical of 
MICRO SWITCH development. f 
one of a whole “family” 
reliable switches 


Type "V3" Switch. The MICRO SWITCH 
“‘v3"’ line switches have the highest 
electrical capacity for their size of any 
switch available. They have been devel- 
oped to meet the exacting requirements 
of designers for an extremely small, 
compact switch without sacrifice of 
quality. Actuators are available 
mit their actuation by cams, slides and 
other mechanical motion not in line 
with the switch plunger motion. (Send 
for catalog 74). 


com- 


tac h is 
of extremely 


to per 


"V3" Rotary Selector Assembly. ‘These 
assemblies are available with from one 
to eight switching units and from two 
to eight detent positions. Light in 
weight and small in size, these assem- 
blies are well suited for use in electronic 
and aircraft applications. Many as- 
READER INOUIRY 


SERVICE CARDS, PRECEDING 


BACK 


available with various cam 


Send for catalog 74 


High Capacity Basic Switch. ‘l‘his 
combines high electrical rating with 
high inrush capacity. The 
current amperes 


semblies are 
ming sequences 


switch 
steady state 
with in 
rush « apacity ol 75 amperes on voltages 
up to 160 volts a-c. These 
especially useful for handling high in 
rush currents of and 
tungsten lamps. (Send for catalog 62 


rating is 20 
switches are 


solenoids, motors 


Subminiature Toggle Switch. This is one 


of a number of subminiature toggle 
switch designs developed for subminia 
ture The toggle switch illus 
trated consists of one MICRO subminia 
ture switch riveted the 
steel toggle bracket assembly is for 
single-pole, 
Double-throw switches can be used 
“normally open” or “normally 
by wiring to either the normally open 
or normally closed terminals. (Send for 
catalog 75). 


assemblies 


into stainless 


‘The 


double-throw service 


closed 


MICRO SWITCH Engineering Service, 
lermma,is available 


MICRO 


1S A PRINCIPLE 


OF 


GOOD DESIGN 


Circuit Arrangements 


Type V3 Switch 


double 
Electrical 
50 volts 
d-« 1 am 


his switch has a single 
throw contact 


pole 
arrangement 
rating is: 10 amperes, 125 or 
i-c; ‘» ampere, 125 volts 


pere, 250 volts d-c. 


= 0 


DOUBLE THROW 


COM NO NC 


High Capacity 
Basic Switch 


Standard 
double 


amperes 


switches are single-pole, 

throw. Electrical rating is: 20 

125, 250 or 460 volts a-« 
ampere 125 volts d-c; '4 

250 volts d-« i BB. P; 118 

? H. P. 230 volts a-c; 10 amperes 125 

volts when controlling fila- 


ampere 


volts a-« 


tungsten 
ment lamp loads on a-e circuits, 


Subminiature 
Toggle Switch 


Contact 
double 
throw 

ture 


arrangement is 
throw 
assembly, 
switches is avy 


single-pole, 
Double-pole, 
using two 
ailable 
5 amperes 12 
0 volt d-c 4 


inductive wire 


double 
subminia 
Klectrical 
rating is 250 volts 
a-c. The 3 
rating 1s, 


i 


» OF 


amperes at sea 
level and 2.5 am- 
50,000 feet, 
resistive 4 am- 
level 
amperes at 
feet, maxi 
inrush is 15 
amperes 


peresat 


peres at sea 
and 4 
10,000 


mum 


experienced in precision awitching prob- 
~at the MICRO SWITCH branch nearest you. Why not calltoday? 


a 


A DIVISION OF MINNEAPOLIS-HONEYWELL REGULATOR COMPANY 


In Canada, Leaside, Toronta 17, Onta 


OVE 


« FREEPORT, ILLINOIS 





for Completely Automatic 


ENVIRONMENTAL 
TEST EQUIPMENT 


in any combination 


AR designs, manufactures, and services 
a complete line of test facilities, includ- 
ing Fungus, Sand and Dust, Explosion, 
Rain and Sunshine, Special Air Chillers 
and Liquid Chillers, as well as Hydraulic 
Test Stands. 

Write for our catalog or quotation. 


ULLAL LAL 


CORPORATION 
833 BROOK ST BRISTOL, CONN 


wipe Data are also provided 
for computer and general-purpose types 
ite Transistor Products 
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What Every User of Electrical Insula 
About 


Hustrated pamphlet discusses 


tion Should Show Isomica.” 


discovery 
of a method for manufacturing thin 
coherent sheets of mica, the improve 
ment of this process for the manufae 
turer of Samica and the use of Samica 
heet impregnated with bonds and com 
bined with or without carriers, to form 
the Isomica line. Isomica is new being 
bonded with epoxs 
heb bae 


tor grades 


ilicone resitis of 
ivailable in 
Mica Insulator Co 
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and Is al ‘ Capact 


DATA STORAGE DEVICES One-pape 
data sheet describe ingle track read 
nd record magnetic head designed 
pecifieally for digital computers. When 
required, the model can be driven by 
W hile recording the head 
will erase all previously stored data on 
the track 
ind) other information are 


}. B. Rea Co., In 
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transistor 


Performance characteristics 


proy ided 


USE OF BRASS AND OTHER NONFER- 
ROUS POWDER PARTS 


that idvantages 


Pointing out 
ol nonterrous powder 
metallurgy can only be realized fully 
When the desired parts are designed 
with an understanding of the materials 
involved and designs practicable. text 
ind illustrations of 4-page brochure are 
designed to aid in selecting and speci 
fying brass and other nonferrous pow 


det parts The New Jersey Zine Co 
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SYNCHROS, RESOLVERS, SERVO MO- 
TORS 


ervo motor and resolvers 


Characteristics over 138synchros, 


ure presented 
in Bulletin 376. Series of tables present 
data on induction motors, tachometer 
generators, synchro transmitters, syn 


chro receivers and control 


transformers, Other tables provide data 


on pancake synehros 


synchro 


Iwo phase serve 
motors, and synchro resolvers. Each 
type of product is illustrated and briefly 
described. Norden-Ketay Corp... Preci 
sion Components Div 
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INDUSTRIAL MERCURY CELLS AND 
BATTERIES 


a line of mercury cells and batteries for 


Pointing out usefulness of 


transistor and electronic applications 


Lepage brochure provides data on a 


variety of mereury cells, one of which 


ea aeeeahaieetieeas SS 


To the man who 
is responsible 
for precision 
production... 


brochure 
provides 
important 
information 


Write for 
your copy 
NOW! 


Filled from cover to cover with th 
newest developments in. today 
advanced machine tool enginee 
ing —— the versatility of operati 

in engineering and building for 
America’s largest manufacturers 
Yes, this brochure belongs on your 
desk for current quotations and 


future planning Send us your prints 


for Engineered 
Quotations! 


eet TY 
TOOL AND DIE 
COMPANY 


1643 EDDY ROAL ° EVELAND 12, OHIO 


MAY 1956 ELECTRICAL MANUFACTURING 





Power Transform- 
er core assemblies, like this one 
(aBove) for a 5000 kvaType AT, 
are wound with Rome Magnet 
Wire. Rome is a regular source 
at Standard Transformer for rec- 
tangular and square magnet wire, 
cotton and paper covered, as well 
as silicone-treated glass. 


(nuicut) A Standard Transformer 
coil being wound with Rome Mag- 
net Wire. Precise winding of coils 
demands uniformly accurate di- 
mensions and properly annealed 
copper. 


You can tell Rome Silicone-treated Glass 
from phenolic varnish-treated magnet wire 
at a glance. Rome runs a small green iden- 
tification thread under the silicone-treated 
glass covering—an industry first. This 
Rome innovation Saves money and time 
by making identification easy, positive. 


KE ADI INOLIRY SERVICR CAKDS, PRECED 


magnet wire by the company it keeps 


If you are a critical buyer of magnet 
wire, then you have something in 
common with The Standard Trans- 
former Company of Warren Ohio 
They leave nothing to chance. This 
applies particularly to magnet wire 
As a component of high-cost equip 
ment, their magnet wire must be 
completely reliable 


Here’s what to expect from Rome 


You get consistently accurate di- 
mensions, properly annealed copper, 
blemish-free surfaces, and uniformly 
close coverings. Rome quality con- 
trol is a step-by-step process from 
copper bar to finished wire. 

For magnet wire that is alu ays 
“as specified” it will pay you to dis- 
cuss your requirements with a Rome 


engineer. 


It Costs Less to Buy the Best 


ROME CABLE 


Me aut 


eowmr 
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HIGH CAPACITY 


in very small size! 
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NEW Acro Subminicture Snap-Switch 


@® HIGH ELECTRICAL RATING 10 Amps at 115 volts or 230 
volts A.C. or 28 volts D.C, 


@ EXTREME TEMPERATURE RANGE from +-350°F to —100°F 


® LONG MECHANICAL LIFE) many millions of cycles, continu- 
ous duty 


® DOUBLE CIRCUIT TERMINAL ARRANGEMENT 


The big feature about this little switch is its high rating. It 
has four times the capacity of most switches in this size. And 
temperature extremes pose no problem. The Acro subminiature 
switch will operate within a range of from +-350° to —100°F. 
Long life is assured through use of the rugged Acro rolling 
spring principle, up to 10 million cycles continuous duty. 
High rated Acro subminiature switches are your answer to 
the problem of controlling big loads in confined areas. And on 
lesser loads their excess current-carrying capacity is a good 
safety factor. Four terminal construction permits wiring 
double circuits where required. The entire unit is housed in a 


plastic case and can be adapted to any present type actuator. 
Write for literature, 





SWITCH DIVISION 
Columbus 16, Ohio 


Piants at Columbus and Hillsboro 


REPRESENTATIVES IN PRINCIPAL CITIES 





has the diameter of a dime. Multiple 
cells are shown and typical applications 
given. Tables list physical dimensions 
rated voltage service life at various 
loads, and other pertinent specifications 
General Dry Batteries Ine 


Circle No. 168, Reader Inquiry Service Cards 
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INSULATION TESTERS Among the 
types of insulation testers described i 
Bulletin 1248 are non-cranking batters 
vibrator types, plug-in models, and an 
electronic megohmmeter Model 29A 
which measures resistances up to 20 
million megohms. Data and illustrations 
ire also provided for other units in a 
line of insulation and resistance tester 

Herman H. Sticht Co., Inc. 


Circle No. 169, Reader Inquiry Service Cards 
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FREQUENCY LIMIT INDICATORS 

Constructed to military specifications 
the frequency limit indicators described 
in a 2-page data sheet and designed to 
monitor supply lines where frequency i 
critical. The device comes in two forms 
one operates when the frequency i 
higher than the critical frequency; the 
other, when the frequency is lower. The 
units are available packaged togethe: 
Arga Div., Beckman Instruments, In 


Circle No. 170, Reader Inquiry Service Cords 
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STOCK TEFLON; ELECTROMECHAN- 
ICAL COMPONENTS = Source for stock 
Teflon tape and sheets is described i 
a brochure, which also lists specifica 
tions of available Teflon extruded tub 
ing, extruded rods, spaghetti tubing 
and other products. Facilities are avail 
able for producing components and 
electromechanical assemblies to speci 
fications. Enflo Corp 
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GERMANIUM DIFFUSED JUNCTION 
POWER RECTIFIERS — Said tohave better 


than 95 per cent efliciency, germanium 


diffused junction power rectifiers, ex 
cluding pigtails, can fit in 4% in. x ! 
in. cylinder. Weight is only “jo oz 


Types IN91, IN92, IN93, and 1N368 
are described in a 4page bulletin 
Federal Telephone and Radio Co 
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PRECISION ROLLER BEARINGS — Size 
and capacity handbook, containing 58 
pages, provides data on sizes, capacities 
and mounting details of available lines 
of precision ball bearings, including 
Series Camrol SCF series sealed full 
type roller bearings, the Series CYR 
full type roller bearings, and the Guide 
rol full type guided roller bearings 
Additional listings provide information 
on the Multirol full type and others 
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| ; 088 m4 
FOR CORROSION RESISTANCE. The Marathon Corporation developed 


a 
method of producing lignosulfonates 


from paper mill sulfite liquor, but it was 
impractical until Stainless Steel became available in the 1930's. The 
now produces 75 million pounds a year 
less Steel 


plant 
and 50%, of the equipment is Stain 


NOTHING 


can equal 


Stainl “8S Stee [ adel te Gene GT 


Patrick's Academy, Chicago, IIL. The Stain 
less Steel skin furnishes a gleaming, per 


manent inspiration to all viewers 


@ No other design material can match Stainless Steel in its combina 


tion of desirable properties: corrosion resistance, strength and hard 


ness, beauty, cleanability and easy fabrication. When buying Stainles 


remember that United States Steel offers the widest range of types, fin 


ishes and sizes available in the United States 


ea 


TOO OMATAT TOO OnNnn - ) 
USS STAINLESS STKE |, FOR WET, ABRASIVE SERVICE. Here's a 


Stainless Steel shaker screen in a coal plant 


Management says, “Ordinary screens would 
SHEETS - STRIP - PLATES - BARS ~ BILLETS 


only last about two weeks, but we can expect 
PIPE - TUBES - WIRE - SPECIAL SECTIONS three ears of service from these Stainless 
Steel screens 


UNITED SFTavVes STEEL 


















INDUSTRIAL | 


TR GHATS 













MODEL S-II-A 


DC-COUPLED 
WORK-HORSE OF 
INDUSTRY 


Size 
Tae ak’ 
8% Pounds 


ANOTHER EXAMPLE OF 14 ~ con PIONEERING. 


The INDUSTRIAL POCKETSCOPE, model S-11-A, has become 
America’s most popular be "coupled One iNoscope because of its small size, 
light weight, and unique flexibility. This compact instrument has identical 
vertical and horizontal amplifiers which permit the observation of low fre- 
quency repetitive phenomena, while simultaneously eliminating undesirable 
trace bounce, Kach amplifier sensitivity is 0.1 Volt rms/inch. The frequency 
responses are likewise identical, within —2 db from DC to 200 KC. Their total 
undistorted outputs permit effective trace expansion of twice the screen 
diameter, The internal sweep generator is continuously variable from 3 cycles 
to 50 KC and can be synchronized from positive going signals. Return trace 
blanking is optional. Intensity modulation is accomplished by connecting 
either directly to the grid of the three-inch cathode ray tube or thru an ampli- 
fier having a gain of approximately 10 and a flat response to 500 KC. Direct 
intensity modulation threshold voltage is approximately 1 volt rms. Addi- 
tional provisions for direct access to all the deflection ees the second 


anode, and the amplifier output terminals extend the usefulness of the S-11-A 
many fold 


WATERMAN PRODUCTS CO., INC. 


PHILADELPHIA 25, PA. 


CABLE ADDRESS: POKETSCOPE MANUFACTURERS OF 


PANEL SCOPE® 

5-4-C SAR PULSESCOPE® 

5-5-C LAB PULSESCOPE* 

5-11-A INDUSTRIAL POCKETSCOPE® 
5-12-8 JANized RAKSCOPE® 
5-12-C SYSTEMS RAKSCOPE* 
5-14-A HIGH GAIN POCKETSCOPE 
$-14-8 WIDE BAND POCKETSCOPE* 
5-14-C COMPUTER POCKETSCOPE® 
5-15-A TWIN TUBE POCKETSCOPE® 
RAYONIC® Cothede Rey Tubes 

and Other Assecioted Equipment 


ik’ 






“7. M. REG. 


Dimensions load Capac ities and recom- 
mended uses are given. Included is at 
interchangeability chart. MeGill Manu 
facturing Co., Ine. 
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STAINLESS STEEL TUBING AND PIPE 

Pechnical 4-page folder, TDC-182, 
furnishes pertinent information about 
various machining operations on stain 
less pipe and tubing. Tooling, power 
requirements, cutting oils and finishing 
are briefly discussed, along with such 
machining operations as drilling, 
threading, reaming, milling and sawing 
The Babcock & Wileox Co., Tubular 
Products Diy. 


Circle No. 174, Reader niquiry Service Cards 
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COMPUTING LOAD RATINGS’ FOR 
MINIATURE BALL BEARINGS Graphi 
cal data for computing load ratings of 
miniature radial, pivot, thrust. and self 
aligning ball bearings are presented in 
an 8-page engineering study. The paper 
delivered at the Diamond Jubilee Meet 
ing of the ASME, applies standardized 
methods for evaluating load ratings of 
larger ball bearings specifically to ball 
bearings in the miniature range (below 

in. OD). Miniature Precision Bear 
ings, Ine 
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RACK AND PANEL CONNECTORS— 
Catalog R2 presents a complete listing 
of available rack and panel connectors 
including manufacturer’s connectors in 
standard, miniature and circular types 
pin and socket connectors and printed 
circuit connectors are included. Dimen 
sions, current ratings and availability 
are given for each type. American 
Phenolic Corp. 


Circle No. 176, Reader Inquiry Service Cards 
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FLEXIBLE KEL-F PRINTED CIRCUIT 
CABLES. Two-page bulletin announces 
a special process by which Kel-F can 
be laminated in thin sheets to provide 
a flexible type of printed circuit base 
plate with excellent electrical proper 
ties. Specially suitable for interconnes 
tion of rigid printed-circuit panels, the 
flexible designs are easily adapted to 
many other conventional cable applica 
tions. Sanders Associates, Ine 


Circle No. 177, Reader Inquiry Service Cards 
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OIL LUBRICATING DEVICES Among 
the lubricating devices described in a 
l-page brochure are constant level oil 
controls, bottle oilers for plain bearing 
lubrication and other models available 
for industrial equipment. Features and 
specifi ations are provided for these 
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The tenth one’s 


on the house 


Sylvania’s completely automatic molding 
facilities can cut unit costs as much as 10% 


When automation can save 10% on 
unit cost over manual molding tech- 
niques you might consider that, effec- 
tively, every tenth piece is molded free. 
If you have a custom-molded part, we 
can cut unit costs by adapting your 
design to our automatic equipment. 


Automation is one of the key factors 
behind Sylvania’s rapid growth as a 
prominent custom molder of thermo- 
plastic and thermosetting materials. 


PARTS 
DIVISION 


metal 


stamping 


¥ SYLVA 


LIGHTING + RADIO - 


READER INQUIRY SERVICE CARDS, PRECEDING 


special 


TELEVISION - 


It’s not the whole story though. 
There are many other reasons why 
manufacturers, big or small, who con- 
sider plastics important to their finished 
product rely on Sylvania for efficient, 
economical, custom molding. 


Sylvania’s custom molding facilities 
include thermoplastic and thermoset- 
ting presses ranging in size from 4 oz. 
to 48 oz. and 15 to 150 tons respectively. 
Our experience covers a wide range of 


molded electronic 


wire Plastic parts 


BACK COVER 


SYLVANIA ELectric 
1740 Broadway, New York 19, N. Y 


In Canada 


ELECTRONICS - 


industries and products. Our capabil- 
ities extend from the simplest closure to 
the most complex product housing. A 
complete, specialized field staff is wait 
ing to serve you promptly no matter 
where you may be located. Why not call 
them on your next custom molding job. 


Custom molding is an important phase of 
Sylvania’s *4-way service to designers.”’ For 
complete details, write for the “Portfolio of 4 
way service to designers.’ Address Dept E145 


Propucts Ine 


Sylvania Electric (Canada) Lid 


University Tower Bldg., Montreal 


ATOMIC ENERGY 


27% 
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U. 5S. Components’ printed card connectors embody all the design 
features demanded by printed circuit users. Minimum space, high-compression 
molded inserts, die-cast aluminum ghells result in polarization flexibility and 
high electrical and mechanical performance even under the most severe 
environmental conditions. 

Series UPCC connectors are available with 7, 11, 15, 19 or 23 contacts 
for 1/16", %y" and Y%" printed cards. 

Write TODAY for complete information on U.S.C. printed card connectors 
and receptacles and the name of nearest U.S.C. engineering representative. 


U.S. COMPONENTS, INC. 


f { 4 { 4 \f 
USC associated with U.S. Tool & Mfg. Co., Inc. 
rf'?) | 484 East 148th Street, New York 55, New York 


/ 4 
“Pioneers in Connectability”’ 


Ee: 


makes paint mixing 


The Mark-Time timing unit 
installed on this paint rejuvenator saves money 
increases efficiency and controls quality. The 
operation of the machine is activated by setting the 
Mark-Time switch to the desired time. At the end of the 
time period, after the paint is thoroughly mixed, the re- 
jJuvenator turns off automatically. 


A Mark-Time timing unit can save time 
and effort wherever it's installed. Mark-Time de- 
Sign engineers can create a timing unit for any product. 
Write or call today! 


Representatives in cities throughout the U. S. 


M.H. RHODES, INC. 
BL aieel emote LE 


Manutactured and Sold in Canada by: SPERRY GYROSCOPE OTTAWA Ltd , Ottawa, Ontario, Canada 
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ind oth models in the Alvor ine 
Lukenheimer Co. 
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SHADED-POLE MOTOR  })ui 
crile ind illustrate : 


vole inductio 


icuum-impregnater or operator 
maximum temperature and humid 
conditior Double Oijlite bearing 
used Lhe Loyd  ScTrugg (a 
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MINIATURE-ELECTRON TUBE REFER 
ENCE GUIDE — Fighth edition of “Ret 
lar Miniat ire ectre 


weer ‘ ed 
ip-to-date The I “ ed 


miniature tube evaradle 
Designated Bulletin PA-1 

pertinent data for 

of which 88 are ne 

diagrams of w > new 
l6-page brochure ilso lists prototy pre 
in larger bulb CBs-Hytron Di 
Columbia Broadcasting System it 
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VIBRATION MOUNTINGS; FAN AND 
MOTOR BASES Complete line of Fin 
flex “Floating Rail” vibration mount 
ings and fan motor bases is deseribed | 
Catalog FR-55. These units are espe 
cially designed for use with retrigera 
tion and air conditioning equipment 
All units have a natural frequency 

370 cpm and are recommended tor 

disturbing frequeney of (90 epm bas 
and motor bases provide an integral! 
isolating unit for both the fan and it 
driving motor. T. R. Finn & Co., Ine 
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METALLIZED CERAMIC COATING 
New metallized ceramic coating tor use 
with all types of hard solders, called 
Moleote. is a metal-to-ceramic coating 
presenting a surlace to which a metal 
part or other metallized ceramic part 
may be hard soldered up to 2200 | 
Frenchtown Porcelain Co 
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ROUND HEAD THUMB NUTS G 
SCREWS—Round-head thumb nuts and 
thumb serews, die-cast in zine alloy, are 
the subject of a bulletin that describe 
them as a diflerent type of adjustable 
fastener with an extra-wide head that 
makes adjustments easy. The fasteners 
ire rustproof and available in’ stock 
sizes and dimensions. Gries Reproduce: 


( orp 
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C-D-F SILICONES 


For high temperature electrical insulation 


sah eans | eee ebees, 
Pog 


OIL MOUNTING —-GB- 11 Mach 


oles drilled, slot end-milled, large 


AIRCRAFT TERMINAL BOART 


C-D-F SILICONE DILECTO LAMINATED PLASTIC 
ILICONE VARNISHED FIBER 


GLAS TAPE made in uniform MIany of the parts illustrated were manulactured and 


thickness » wide range of 
widtt 


labricated by C-D-] ho has a wealth ol expert 
ence, forward-looking engineering and modern tach 
tics that can be put to work for you. C-D-F is a 
dependable source of supply for insulating material 
and is noted for its fai pricing, for producing high 


quality product ( chedule. Why not call in a 
Class H insulation. It been proved that silicone (.-1)-] ile 


C-D-F SILICONE TAPES are recommended tor 


nvimecr on yout problem Oy, write for 
nsulation has 10 times longer lite than Cla Pechnical Bu tin 
tilation, ¢ Lem perature Livynit ol Cla i , 


+ 25-—-complete data « OS, a fiberglas silicone 
1 here we wi ol C-D-k Silicone I ape mic 


5 laminate made « i hiament woven fibergla 
Sheet 1) Silicone varnished fiberela (Z Silicone 


Cloth and silicone resi ! heet form ++ oOvel 
tober tiberyl 1 hi thre follor nie properti . 
Clad laminate teal post 
@ High temperature resistance @ Resistance to moisture 
bycase thicorne itt heet hori 
@ High dielectric strength @ High tensile strength 
+ Ss. fu e continuous filament woven 
@ Low dielectric loss @ Flexibility 
| | fiber wit! ii i resin heet tubo 
rade mect Standard tor 
| 


4 ' 
' holed Phat pe 
tion They 4 i 1 alKall non-o ! 


muneral ‘ “ t¢ d ol ent Sil ' See our general catalog in Sweet's Design File for more data, the address 


and telephone number of your nearest C-D-F sales engineer. Also, write 


} ou ‘ leg] Wt mi i 
fibervia recommended tor man tipple for technical bulletin and specific catalog, free test samples, or send us 
quirin i flexible abrasion-resistant materia your print for quotation 

conductivit C-D-F Silicone tay 


” 


: @® CONTINENTAL DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE DIVISION OF THE BUDD COMPANY, INC 


NEWARK 13 DELAWARE 


! 
te 
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HOLTZER 


Editorial Reprints 


\s manuscripts a ojected for pub bers indicating the reprints desired 


lication in each | of ELECTRICAL If multiple quantities of these re 
Ma YU FACTURING in ward of editors print ire desired, the rates to govern 
determines which editorial article are are indicated. Remittances must a 
made available to readers in re company all orders. Larger quantities, 


! special quotation 


Available reprints of a cles in this 
ind previous issues are briefed here Cau al 


y reg r KLecTrRICAL MANUFACTUR 
An regula } ‘ if \ Single Subject Reprints 


ING reader qualifi lor one copy of all Mn af OP areal aad of pages 
Reprints 1-12 16-32 
Induction OTT Tela biels The numerals shown in reprint list l Gratis Gratis 


ing correspond to the numbers shown ) $2.00 $3.75 


Type Motors On post ird Incorpo! ited in the Reader 50 6.00 


Synchronous and 


ingle-article reprint without charge 


Inquir Service Cards facing back cover U0 12.50 


pape he ider should circle those num 


REPRINTS NOW AVAILABLE Simplification of Control Circuits, 
April 1956, 8 pages. Reliability 

Statistical Approach to R & D Testing, problems dealt with in five examples 
May 1956, 5 page Discussion of taken from diverse fields involving 
the role that statistical analysis can complex relay circuits 211 


in reducing cost and aving 3 ‘ £ as : 
\ Components for Transistor Circuits, 
March 1956, 12 pages. Review of 


representative components devel 


mg engwinecring prob 


( h and ce velopment 
R- 25 Motor ' hI ; 
research) Propiem is cade 
rile | na { Juat lain d oped under the cognizance of the 
( brane ile cit On CExXpl ‘ 
(216) Signal Corps Engineering Laborato 
R24. 1 pone il ipplications | i \ , ~ I 


ies especially for use in transistor 
ible, 4-pole induction moto circuits for military applic ations. 


‘lenium Rectifiers for High Tempera- , 
208 


mechanism as t balancin 


( ) 
recording iwostrument or i onto tures \I i 1956 » puLge Revie A 


2 1] : . 
motor for voltage regulator ow of work done at Battelle for the Special Purpose New Plastics, March 
rotor mertia lor last re prorse apport ition | | ¢ orps to determine deterior 1956. 16 pages Prop rt ind ap 
When operated 2 phase, it can be cor tion factor i ited tempera 


tron 


plications of molding compounds 
entional and moldable sheet, elastomeri om 
high-temy ! ctifiers that also 


R-25 D ypu il uses are for record erved i | sed MIL d 


trolled electronically of operated ture { 


pla ca permanent split ¢ ij 


pounds, specially developed to meet 


) evere performance requirement 
} Included are the dially] phthalate 


resins epoxy-m ding compounds 


t 
struments, dictating and adding machine rating cur (215 
Approximately 244" in diameter, itis avail 


able i crthe duction o nchronou : “ 
in enther induction ot hi Evaluating Motor Noise, Ma 1956 

|? piace Octave-band analysis ex 
tjoth the R-24 and R-2 labsle 1 ed 


yaa 
' 


} | 
( sist 1 Oo olass } 
construction with reversible rotation a nm unt phe RYUCS glas fi led 


glass silicones ilic Tie 


rhe noli 


! 
to aid heay equipment bearing alloy conductive plastics 
| 


with gear case speed manuiacturer n heading off cu 207 


RPM torque ratin up to ‘ mches 


tomer co 7 it ) Ol om trol 
or higher mid single pha ¢. Zo b pha ‘ ” anny are Mn ! can , 


vhere primary noise source i Adhesives as Design Tools, February 
salen tea | 1956, 12 pages. Applications and 
idvantaw of adhesives in the de 


Zinc Die Castings ril sign of electrically energized equip 
i gy 2 

Phi properties of tl ment are discussed sasic proper 

ties if major classes ot adhe sives 


HOLTZER-CABOT MOTOR DIVISION 1) i iisto in business ire summarized optimum combina 
NATIONAL PNEUMATIC CO., INC 


yy vluct tions of adhe SilVes and specified 
125 Amory Street, Boston 19, Mass ’ 
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SPECIAL SWITCHES 
e STANDARD 
ESCO 


Me LL 


Gear-operated 


TYPE ® TYPE JR 





TYPE AF TYPE JD-JS TYPE HT 


a 


When you need a SPECIAL switch. . . 


ESCO standard, uniform 


requirement or ad tor from one of our 


embled t neet your 
tandard type w give you a 
pecial ich at tundard if ost. Over 9O of our product SPELCIAI 


omponent an be a 


These standard switches can be modified to fit your application 
@ TYPE A uy to position ecuiol maximum detent 
mechat 1) i S ampere 125 volt i 4‘) volts d 
@ TYPE AF p to & position 
rating 1} tive load K volt 
MIL-S-6807 
TYPE P Mult 
mper 


OO amy 


maximum, detent tion 


100 cy | 


i , * 
on [ 
{ 1 | 


TYPE JR 
futing i0 ny f 
TYPE JD-JS up to 
ction of p thon 
TYPE HT | 
rat mnpel alt 
Bureau of § N 9O00-S670 
it fuShuy VOOO- SE 
YOOU- SOLU j i 1) 60 


U volt 


Write for data sheets or catalog on ESCO rotary multipok 
or send us your requirements and we'll give you full specifications on the ESCO 
switch that meets YOUR need 


7NET A O Lae n 


CQ ELECTRO SWITCH CORPORATION 


Weymouth 88. Massachi Tana 


switches 


temperature rise, whi h determines 


ife operation. Case histories also 


take load inertia into account. (205) 


Artwork Procedures in Printed Wiring, 
(,= ‘4 } 
January 1956, 8 pages. An analysis 


J 
f the dependence yf the quality 


ind preciseness of the 
} 
; 


finished 
} 


Doa;»e on the iT ginal 


making the 


printed wiring 
irtwork procedure 
naster drawings. Design consider 
ition ire discussed ind everal 
methods for single-board hort-run 
ind high-production 


described and illustrated 209 


output il€ 


Precision Potentiometers—Characteris 
tics and Limitations, January 1956 
12 page Review of various type 
of precision potentiometer defini 


tions ind terminolog’ (204 


Magnetic Amplifiers in Industrial Con- 
trol Systems, Parts I and II, No 
vember and December 1955, 16 
pages. Describes in fundamental 

terms the operation of basic mag 

netic amplifier circuits, then pro 
ceeds to explain the many auxiliary 
added to 
convert the basic unit into a high 


regulator Circuits for 


windings that may be 


precision 


ictual regulators are given (210) 


Digital Computer Principles, Decem 
ber 1955, 12 pages. This primer 
establishes elements of the binary 
umber system, treats decimal t 

conversion and 


binary provides 


computer definitions and symbols 
4 “must” for designers of contro] 
ystems employing computer tech 


niques ind compouents (208) 
Electronic 
1955 5 


pages. Describes systematic method 


System for Evaluating 


Components, December 


of components sé lection based on 
numerical values for five attributes 
ivailability 
ity, economy and _ reproducibility 
Weighting tactors are 
onditions of operation (202) 


reliability compatibil 


issigned for 


Research Progress in Dielectrics 
1955, December 1955, 12 page 
The latest article u the 


seri¢ of reports on the meeting ot! 


intivla 


the Conference on Electrical Insula 
tion. The on-the 
nterpretation highlights work done 
on corona effects; breakdown studies 
es and liquids; sil 
and ferroelectrics (201) 


pot summary and 


icone mate 


Simplified Design of High-Tempera- 
ture transformers, November 1955 
12 pages Detailed procedure I 

estimating temperatures and tem 

perature gradients in power trans 
formers for electronic equipment 


Charts, diagrams and a nomograph 
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uick-Opening Fasteners: 


Screw Type or 1/4 Turn? 


Know the features of cach before you specify. 


. R. TUOZZO ments and will always line up with tantaneous removal of fastened part 
ease. Where a variation in material is required, As the name impli sat 
thickness may occur or a gasket must quickly locked or unlocked by a fra 


be compressed, the screw fastener is tional turn 


preferred since a single griy length ts strength characteristics also are very 
can be used throughout. Under most high when the stud is formed from 
conditions it will com} letely disengage i ingle prec and no thin | ring 
in two to four turns. It offers excellent wires, Of Cross pins exist in the assem 
resistance to vibration and forms a solid bly The stud ts retained in the door 
d joint with no “give panel by a metal grommet, and en 
THE SCREW FASTENER is a rugged The screw tastener can be backed all yages in a full floating spring loaded 
square threaded screw assembly engag the way out of the door frame without receptacle, riveted or welded to the 
ing ina special heavy stamped nut, The moving the door. If required it can floor trame 
nut is Clipped, riveted, or welded to the be installed so as to jack the door open Where the thickness of door and frame 
door frame. A special washer behind as it 1S unscrewed ire fairly constant through an entire 
the thread captivates the screw in an THE QUARTER-TURN FASTENER production run, the quarter-turn fas 
oversize hole in the door iS usually sclected for application on ner 1s a wise chore, Its design afford 
Because of its exceptional “float,” it is aircraft (under Army-Navy-Air Force laximum speed in fastening, and 


installed without precision measure specification MIL-F-5591A) where in excellent vibration resistance 


COMPARISON OF STANDARD QUICK-OPENING FASTENERS 


SOUTHCO SCREW FASTENER Will 
Compress 
Gasket as 
Tightly as 
Required 


Through 
Thin 
eon lee Material 
[J Washer , ee Can Be Used to 
Back Off Door Panel 


LION QUARTER-TURN FASTENER 


Spring 
Fastener f \ Fastener \ Loading 
in Position “4 Locked Holds 
Ready for ALS with o \iid " Panels 
Locking YY Quarter-Turn YU ? in 
Compression 


\V/) Receptacle 
G 


Grommet 


SOUTHCO Division, South Chester Corporation, 256 Industrial Hwy., Lester, Pa. 
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the ONLY COMPLETE LINE of 
Ceramic Transmitting Capacitors 


Smatier and more economical 
than mica, vacuum, or oil-filled 
paper types for the same 


Increasingly used applications 
in equipment 


tik : ; 
ike this Kleven terminal styl Capacitance 


3 to 1,000 mmf., 5 KV to 20 KV d. « 
Special size hapes fabricated to 
pecification 


Kxtremely low power factor down 
to .1' 


‘Temperature coefficients controlled 
to your specification 


Low moi ture absorption Meet 
applicable MIL pecification 


Double- up design affords long 
leakage path provides large area 
to di ipate heat 


Writs Technical Bulletin 42-102R 
*Trademark 
n RF A DIVISION OF GLOBE-UNION INC 
bad 1O2F East Keefe Avenue © Milwaukee 1, Wisconsin 
In Canada: 804 Mt. Pleasant Road, Toronto, Ontaris 


° 
Vs ey * ae 
as © ah a 
VARIABLE ENGINEERED _— PACKAGED Ceramic 


ReeeTors CERAMICS Switcnes ELECTRONIC ciacuits CAPACITORS 


ised | MN powe outy wits 

va, voltages to 50 kilovolts 

quencies from 25 to 2500 cy 
mospheric pressure as low as 1.32 
of mercew 70,000 ft altitude 


d temperature up to 200 ¢ (232 


Nuclear Batteries, November 1955, 8 
page Progre I ort from Wright 


Field on the d pment of powel! 


cfr utilizir lioactive Isotope 


nergy elements. Solar batterie 


ilso discussed Commerci ind 


id 
ommercial types offered by in 
i! 
ire illustrated and described 
(233) 


I:vaporative Spray-Tower Technique 
for Electronic Equipment Cooling, 
October 1955, 12 pages. A new 

tem of cooling developed by the 
vy 1 described Simultaneous 
at and mass transfer is utilized 
the mean for removing heat 


(229) 


Analog Computers for Machine Con- 
trol—Parts I and II, August and 
October 1955, 20 page Points out 
th pos ibilitic created by exten 

ive militar research and de velop 
ment program that have made a 
rich st of computer technology 
nd proven comp nents ay tilable 
' 


hie equipment designer Ar 
le explain workings of basi 
components and describes how 
servos perform individual mathe 


matical operation 231) 


Correcting Meter Readings on Servo 
and Gyro Motor Tests, Septem) 
1955, 8 page (orrections 

der when the power consum 
meters 1 ubstantial com] 
load 

' 


trument motor 


it M.I.T routiniz thie 


otherwise tedious calculation 228 


Flexible Couplings for Motor Drives 
July 1955, 8 pages. Operating prin 
ind election factors ot some 


ri ipal t\ pes are prese nted in th 


ew. Many design variations are 

be found in these basic types 
intended to compensate for lim 
ited misalignment resulting from 
poor mounting of motor and driven 
} I Weal thermal] distortion 
load de flection (223 


Multiple Reprints 


Multiple Reprints (reprints or com 


pendiums into which are combined 
several se parate arti les on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanie¢ 
bv remittances. Large quantities 
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IRVINGTON’S IVI-BIND’* 


KEEPS GROWING...demand increasing each year! 
CLINGS FIRMLY...for positive sealing! 


@ What's behind the impressive sales growth of IVI-BINI)? linpressi e 
performance, Irvington now stocks this adhesive backed insulating mate 

rial in two Ly pes. ‘| ype A is adhesive-backed varnished cambric in full 
width, as well as tape. I ype B is varnished glass « loth with the adhes 


providing thermo-setting qualities. 


ach has its own highly desirable characteristics. For example: many 
customers prefer seamless bias IVI-BIND because of its slight stretch 
ability. IVI-BIND has found wide applications in the wrapping of bus 
bars, small solenoid coils, phase insulation, slot insulation, cute: wrap 
ping of synero motors and relay coils (e.g. in telephone applications), 
and for stick wound transformer coils. 


IVI-BIND in tapes or full width form is available in various thickne 
and widths. It’s just one of the « ompre hensive line of quality controlled 


coated products offered to you by Irvington. 


Flexible Electrical insulations Tubings 
Coated Fabrics and Papers Extruded Plastic 


Varnished Tubings 
Varnished Cambric and Glass Cloth Silicone Rubber Coated Glass 


Silicone and PTFE Coated Glass Cloth Tapes 
Varnished Papers, Silk, Rayon and Nylon Vinyl 


Varnished Cambric 
Laminated and Coated 


Silicone Coated Glass 
Slot Insulations insulating Varnishes 


IRVINGTON 


at elevated 


temperature... 


a steel ball... 


anda 
1,000 
gram 


weight 


prove that... 


() TEMFLEX® 105 ) 


gives you greater resistance 
to penetration 


@ In the te ting ovens of Irvington 
ialit control laboratorie the ul 
periority of tough lemtlex 105 3 
proven reype itedly Weighted pre 
ired”’ with an inserted steel ball that 
would penetrate older type plastic 
tubings far sooner. Temflex show 
O% greater strength. Besides passing 
ASTM D-876 test Demflex fas ul 
passes the other requirements of Mil 
1.631 C specification. It is OPI 
ap proved and ha { | approval a u 
105” ¢ tubing. Self-extinguishable 
fungus resistant Temflex comes in all 
tandard colors and size Send for 
ample and literature 
* Reg. U. S. Pat. Off 


IRVINGTO. 


DIVISION 


~~ “~ 
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FROM A SKETCH 
as rough as this... 


Special faster that imy roved product design ncuon 


at reduced cost have 


a pad 


loome the oOpport 


een engineered from ideas sketch 


At bButtalo Bolt experienced fastener 


inity Of engineering you 


r rougl 


designs to «ck your mtended 1b hq ill 


production men know ( how to produce them to meet yo 


Ot course ‘ I iway read to quote on tinishe 


designs tor 


EITHER WAY, \o 
call in Buttalo 


of fast 


expcricnce 1 Cooperation 


when you 


BUFFALO BOLT COMPANY 


NORTH TONAWANDA, WN. Y. 


WESTERN OFFICE EASTERN OFFICE CENTRAL OFFICE 


New York City North Tonawanda 


or 2-1 JAckson 2400 (Buffa 


Many GOOD products 
can be made BETTER 


wilh 


SPECIAL 
FASTENERS 


Designing 


P 


tations. These multiple 
reprints are listed by titles, immedi- 
ately following the single article 
eprint listings. Address: John A. 
Campbell, Director Reader Service, 
ELECTRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N. Y 


pecial qu 


lectrical Insulation and Dielectrics— 
1955. (Problems-Materials-Applica- 
tions)—136 pages. A compilation of 
selected 
ELECTRICAL 


the most important artic les 


issues of 
| his 


engineer not 


from recent 
MANUFACTURING volume pro 
vides the with 
significant but with current design 


helpful Articles 


EPOX) radiation et 


only 
literature cove! 
casting resins 
fluorocarbons, 
evaluation pro 
$3.00 


fects on dielectrics, 
result ot special 
vram among other subjects 


Servomechanism Systems, 
Multiple Reprint No. 3 
irticles or related 


fee dha k 


ervo systems and servo ap 


46 page 
rhirteen feature 
phase of design of con 
trol or 
including the series of 
articles by Herst. For 
plete list of the contents of 


booklet sec April 1954 


plic tions 
foul a com 
this 
page 358 


$2.50 


rinted Circuits, 72 pages. New mul 
May 1956, su 
earlier re print under same 
in the 11 ar 
outstanding arti 
1954 


printed circuit tech 


tiple reprint issued 
perse cle 
title. Subject 
tK ke taken 
cles ippearing in 
1956 


covered 
from 
1955 ind 
Hic leacle 
irtwork 


embhy ot 


nique procedure ; ito 


matic a components On 


printed circuit boards, manufacture 
if printed resistors and « ipacitor 
ind selection of commercial com 
printed circuits use 


$2.50 


ponent for 


actical Circuits for Grid Control of 
Thyratrons, 52 page A collectic 
of five articles by P. H. Chin and J 
| Ml VO! Januar t 
May 1956 unmarizing all that i 
ibout thyratro 


ippe imine’ 
1 grid-contro! 
ircuit C 1 elude 1-off 
control w ind d plate 
voltage ! iV ype circuits vit} 
both line n-linear element 
yhase-shifted a- nals as the 


known 


| con 
| ad ntro 
p 1 ity 


method ettect ot 


ramete on thvratron 
performa C4 yo ikins transformer 
incl the ippli ition of 


nite rpha 


! \ 
transtorme! nding t nultiple 


rectiher systems $2.00 


Multiple Reprinis at Quantity Prices 


of these Multiple 
of orders 


Since 


int cost 


is a signifi 
distribution 
teprints, grouping 
possible substantial 


handling expenses 


element in the 
mak 
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Steel, brass, iron in all other shapes and forms are possible insert materials in die-casting 


Wide variety of inserts, broaden 
functional use of die casting 


tend the 
, This 2-inch wool comb is a functional com 
Some idea ¢ i wide vari ( Th Mormation \ddr recision 


»onent of a textile machine. Die-cast in zinc 
t material it has 26 steel blade inserts; also cast in alu 


ninum with 29 inserts 


One of the commor 
types of small inserts 
The knurled brass 
threaded insert showr 
here. This piece meas 
‘ 


yres only inches 


outside diameter 


PRECISION ; ’ 

aaspeesy, Four identical steel stuc r rts are cast in piace ir this zine alloy 
, ‘ pon plater toggle frame r sembly measuring 12 inches overall This Ss 
\ a AB c nctional unit of a bus s office machine 


PRECISION CASTINGS CO., INC. 
A SUBSIDIARY OF Harrisburg Steel A) 


coseraoneation 


FAYETTEVILLE, N. Y.—SYRACUSE, N. Y.—CORTLAND, N.Y NEW YORK, N.Y. 
CHICAGO, ILL.— CLEVELAND, OHIO—KALAMAZOO, MICH 





1 
iving in st per copy. For single 
hipment to one address m orders 
iccomy inied by remittance he fol 


lowing price per ¢ 


Quantity 
litle 5 25 
| lectric il Insulation ind 
. s The accuracy, uniformity and toughness Dielectrics—1955 
i of Wisconsin Porcelain Co.'s ceramics Servo System Design 
ecision gives you a closer fit, speeds assembling Printed Ciscuits 
and reduces production costs. These ad- Phyratron 


vantages make Wisconsin ceramics 
, ow} > j y 
ma Pp especially suited to automatic and semi- Prices given above include shipping 


automatic assembly processes charges. Make checks payable to The 


Gage Publishing Company. 
And their superior physical character- 


. 
C r istics give you best results for permanent 
in _ ETRE RR SES ARRAN SST 
electrical insulation 


If your components call for porcelain, j 
—that help refractory, steatite or filter body parts — Performance of Selenium 
send us a sample or blueprint and tell us 


to simplify your requirements. We will be glad to Rectifiers at High 


quote prices and delivery Temperatures 
your Serving Electrical and Fi 


Production WISCONSIN tial deal dia 
Problems PORCELAIN () COMPANY 


115 Market St. Phe ratio [y.\,/Taeerey selected for 
Sun Prairie, Wisconsin discussion. although adequate, is not 
infallible as a criteria for failure of 
all manufacturers’ products in view 
of the two distinct failure patterns 
noted, A ratio or product including 
reverse leakage and some parametet 
sensitive to forward resistance 
changes would be the ideal. The most 
logical choice for this parameter is 
forward voltage drop. which changes 
almost directly with rectifier forward 
resistance. and is relatively indepen 
dent of plate size and current rating 
It was not measured during this 
study. but this parameter will be com 
puted from the data obtained. and 
if practicable, used as a basis for 
future study 

This particular investigation has 
established the existence of two dis 
tinct failure patterns which are in 


dependent ol plate type (« onventional 


Precious Metal Cert ta 


- Y application process (pressed powdet 
unirtny ng fP evaporation ot molten dip) but 


peculiar to the products of specrhe 


or high temperature } and selenium 


Made of platinum, palladium, insure quality Baker contacts. 
silver, gold and their alloys— 
ee a i a 
ing performance required for 
extremely sensitive electrical ap- 
paratus and instruments. High eC ToL My Ce Tt io 
purity metals, controlled at Pritt iit 


every stage of production, E sufficient information for short time 
hi for ld hae prediction ol long life characteristics 


BAKER PRECIOUS 113 ASTOR je NEWARK a ee Analysis ol the dat i obtained in 


4 COMPANY, INE. NEW YORK + SAN FRANCISCO dicates that the parti ular approacl 
METALS <0 Bt pgp 
LOS ANGELES + CHICAGO chosen. although 


manufacturers. In this respect. operat 
The most diversified selection of 


aM ath ae 
contacts can be supplied by 
Baker in practically any speci- 


ing trends of any one parti ular para 
meter cannot establish a complete 
history for all selenium rectifier types 
whereas a combination of forward 


and reverse parameters can supply 


technically sound 
ENGELHARO I NOUS TR /E Ss could have heen improved throug hy 


recording of a more sensitive indica 





Pat Guliano, Design Engineer at the Liston-Becker plant, Beckman Insiruments, Inc 
Springdale, Conn., gives some ‘reasons why’’: 

“Many of the gases examined by our infrared an There is a large assortment of standard and special 
alyzers are Hammable. We use Crouse-Hinds explosion housings. We the simplified construction which 
proof Condulets as a built-in feature of our highly provides easy a ind plenty of room for repairs and 
sensitive imstruments to protect chemical and in alteration v our customers like it, too 
dustrial plants medical and « \periment il laboratorie: There 


and many other users, against « ‘plo ion 


ire more than 15,000 items listed in the Con 


dulet Catalog: conduit fitting plugs and rece ptac le 
We have settled upon Crouse Hinds ¢ «plo 1On- motor controls, lighting fixture witche hundreds of 


proof Condulet equipme nt for many reasons other both « «plo ion proot and conventional. Make 


First, of course is the universal acceptance of our selections with confidence. You get the best when 


explosion-proof Condulets by safety men everywhere ou get Condulet 


ne a , = 
@ Our distributors have the CRO USE-HINDS . Ge Ww 
facts. Or contact a Crous« */ 4 4'éa 


ls Office below. 
Hinds Tn Main Office and Factory: Syracuse, N. Y 


Crouse-Hinds Company of Canada, Ltd.: Toronto 


Mil w 





tor of forward resistance changes, 

namely, forward voltage drop. A 

y a a foundation has been laid, however. 

here a engineering Pelehie for development of a single method 

by which all manufacturers, regard 

less of process, can evaluate their 

on NYRR ILA Metals products in a short time and inex 
ae pensive manner 

It should be noted that selenium 

Th electrical and stacks designated herein as “high 

temperature” types are not necessarily 

the ultimate in temperature capabili 

7 . ties that any one manufacturer can 

electronic equipment supply: in fact, recent developments 

have extended ambient operating 

temperatures to at least 150 C. It is 

planned that a similar study will be 

performed to determine the validity 

of some of the facts established herein 

with respect to these new develop 


ments 
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A Metallized zinc provides Danko of the Sivnal Corps | neineer 
low-cost, efficient “a 4 - 
shielding for components 


of Dictaphone dictating fs offered during preparation of this 
machines 


ing Laboratories for his comments 


article 


A Metallized copper on ceramic Reference 
base resistors permits 7 
be soldering of pigtails. Photo “Rectifiers. Selenium, Dry-Disk. 


Bn ely er a Final Report, Task VI, Component 
Evaluation and Specification En 
<4 \\,” of sprayed lead or 
iis cast on xray housing, Contract No. DA36.039  s¢-63136. 
ao comin erty a tt Sattelle Memorial Institute 
Corp., Milwaukee, Wis 


, 
vineering Program, Signal Corps 
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Modern metallizing —sprayed metal—has found many appli- No. 215 


cations in the production of electrical and electronic equip- 
ment, Originally metallizing was used to provide a soldering 
base on non-metallic materials in components such as resis 


tors, capacitors and meter faces. Today, its use has spread to 


applications in shielding, the production of other types of 


electrically reflective surfaces and in the replacement of wired The Impact-Momentum 
a FREE oe i 
ircuit — Equation in Servo Design 


We have prepared a bulletin which illustrates and 
describe a wide range of these applications. It also 
provides engineering data on bond strength on metal 
lc and non-metallic material conductivity charac 
teristics, permissible coating thicknesses, circuit tests 

well as a description of surface preparation and 
praying method \ copy of Bulletin 120 “Sprayed 


Metal Coating will be sent on request without charge x 


3 


livered during a quarte rmultiplied by 


HPPA EEEEEEEEEEAEEEEEEHR EBA frequen y instead of impact delivered 


Metallizing Engineering Co., Ine. during 0 quarter. This causes £ to be 


Westbury, L. I., N. Y. ¢ Great Britain; Chobham near Woking a straight line starting at zero, and 
CORO OBABeeeaenananasaaaeaasaaasannaanaae ( 
1113 P ect Avenue 
ly poe island, New York que ncy axis The motor torque lines 
, ' t ‘ ‘ 


to be a line parallel to the fre 


Please send me Bulletin 120 then have the shape of the transfer 


NAMI function of the backlash network and 





amplifier combination. If this short 
rive 








cut is used, value a of Fig. 6 comes 
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out in angular impact multiplied by 
ADDRESS 





lrequency, or momentum multiplied 
crry 





by frequency, which is still easy to 





Tops in Service 
and Design 


Carol molded plugs 
and cord sets 


Carol molded plugs, made to conform to all Under- 
iii writers specifications and Carol cord sets are the ideal 
companions for modern appliances and power tools. 
They’re outstanding in service ...made under 
laboratory control, from the highest quality materials. 
They’re outstanding in appearance. . . designed 
to harmonize with today’s electrical products. Shown 
here are four standard plug models. Special designs 
can be produced economically to your specifications. 
All Carol wire and cable products... for elec- 
tronics, welding and electrical applications . . . are 
made in one completely integrated plant. All wire- 
making operations, from drawing of wire to com- 
pounding of insulation are subject to constant 
inspection. For data on the complete line, call Carol 


today or write Dept. EM. 


HANDY DISPENSER CARTON 


in which Carol cable is 
shipped facilitates identi 
fication of cable .. . simpli 


fies dispensing from stock 


Penn-Texas 


CAROL CABLE COMPANY 


Division of the Crescent Company, iInc., Pawtucket, Rhode Island 
Serving Industry for more than 30 years 


READER INQUIRY SEKVICE CARDS, PRECEDING BACK COVER 
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convert and to insert in Eq. (4) in 
the calculation of resultant load oscil- 
lation amplitude. This construction 
was not used in this discussion as it 
tends to disguise the true impact- 
momentum balance which is the basis 
of this method. 

Miscellaneous Comments. This 
method is original as far as the author 
knows, but may well have been de- 
veloped by others; so no claim is 
made for its novelty. A great deal of 
work on the concept of replacing 
bac klash by a network has been done 
by Kochenburger.* The design curves 
contained in this article were derived 
by approximate and graphical means 
and although considered adequate 
for design, are not mathematically 
precise. Any consistent system of 
units may be used with the formulas 
given in this paper. 

As a final caution, it should be 
pointed out that in any servo which 
is to be stable at zero frequency, the 
phase shift between output displace- 
ment and motor torque at zero fre- 
quency must be 180 deg, not zero deg. 
As a result, the resultant load oscil- 
lation curve of Fig. 7 will start in a 
stable region and there will be no 
steady-state oscillations if that curve 
never crosses the path of possible 
oscillations. In the event that more 
than one crossing occurs, the system 
may, when started, remain stationary 
or may oscillate at either of the two 
crossovers. A nonlinear servo cannot 
be depended on to follow any one of 
its possible conditionally stable states. 
It will follow one or another depend 
ing on the initial conditions imposed 

If a linear system is analyzed by 
this method, all approximations are 
removed and the analysis is exact. In 
a linear system, of course, only one 
implitude of output oscillation need 
be assumed and in this case the sys 
tem is stable if the path of possible 
oscillation curve lies above the 
resultant load oscillation curve. If the 
system analyzed has more jitter than 
is tolerable, an examination of the 
construction corresponding to Fig. 5 
will show what factors are important 
to that oscillation and hence what 
may be changed to effect improve- 
ment. This information aids intel- 


ligent design modification. 





* Control Components Digest « 


News and notes on resistors, rheostats, relays, motor controls, dimmers and other control components 


SYLVANIA’S SOFT BLUE MERCURY VAPOR LAMPS are seen on many modern thorough- 
fares. Integral Ward Leonard resistor in each lamp contributes to reliable operation 


improved mercury-lamp design features sealed-in resistor 


Seal it in and forget it, for the 
lamp’s life of 6000 hours plus! 

That's the way engineers at Syl- 
vania Electric Products Inc., Salem, 
Mass., treat the current-limiting §re- 
sistors in their modern, improved 
mercury-vapor lamps. 

And, naturally, for the heavy-duty, 
heat-, moisture- and ultra-violet-proof 
starting resistors, to be sealed up in 
these lamps, Sylvania engineers chose 


NEW MINISTRIP RESISTOR 


Failure-free parts 
key to system reliability 


Roughly speaking ind skipping a 
lot of ubtleties it 
double the number of parts in a com 


mathematical you 
plex system—other things being the same 
—you ll cut in half its life expectancy 
The modern trend is toward more and 
more complex jobs for electrical and 
Doubling more 
on all the time 
And yet it’s vitally important that over 


electronic gear and 


the number of parts go¢ 


all system re liability not be impaired 
That’s why at Ward Leonard you'll 
find such painstaking attention devoted 


KEADES INOUIRY SERVICE CAKDS, PRECEDING 


Ward Leonard Vitrohms. 

These rugged resistors not only 
take the temperatures (to 750°F ), 
but are immune to the heavy vibra 
tion encountered on or near bridges 
ramps, railroad crossings or heavily 
traveled highways. 

Why not let a Ward Leonard en 
gineer show you how Vitrohms can 
solve your resistor problem. Write to 
day for complete information 


New miniature power resistor 


A new 20-watt Ward Leonard “Mini 
strip” resistor is now available 

Recommended where space is limited 
but where no sacrifice can be made in 
quality the new resistor features low 
(2-5/16 in 


between centers) and an oval-shaped 


built-in mounting brackets 


core for maximum strength 
Stock re 


ohms 5 


istance values to 50,000 


tolerance 


the 


From incoming rav 


to increasing reliability of our 


uct 


prod 
material to fin 
ished part, our care ful attention to ever 
phase ot production ind every 
you of 


you can count on in your 


lth pet 
| 


tion and test a a produ 


ure 


tem 


CHECKING CON- 
TACT PRESSURE 
t Ward Le 


onard 
of the 
100% in 
pections and 
tests that assure 
its final quality 


] 
reiay 


many 


BACK COVE 


USS FORRESTAL. Photo courtesy Newport 
News Shipbuilding and Dry Dock Company. 


MAG-A-TROL for USS FORRESTAL 

Precision-controlled lights guide pilots 
to the flight deck of the USS Forrestal, 
largest aircraft carrier. 

The new carrier uses Ward Leonard 
magnetic-amplifier-type dimmers to in- 
sure correct light intensity on the flight 
deck at all times 

Besides the Forrestal’s magnetic am- 
plifier dimmers, Ward Leonard makes 
all types of lighting controls ( autotrans- 


forme! 


reactance and resistance) for 


Huorescent or incandescent lamps 


Design aid for intermittent duty 
A power resistor used only intermit- 
tently may be used at wattages In excess 


of its continuous-duty rating 


650 


0 


TING 


5% 


RA 


500 


OF SINGLE UNIT 


PERCENT 


10 18 5 5 15 
wo ” wa “as » 


ibove 


will help designers 
figure allowable dis ipation increases for 
Ward Leonard Vitrohm and Ribflex re 
tors for Assumed 
maximum temperature ris¢ 75°C: ve 
2% in. This is 
contained in our 64 page 
Catalog #15—ask for it today. 


irious duty cycles 


istor spacing one of many 


useful curves 
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ELECTRIC COMPANY 
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Scheduling Orders 
in an Engineering Department 


(Continued from page 149) 


going to production are set up on a 
string peg board, Fig. 3. White plain 
pegs are used to indicate the day that 
the order was received in engineering, 
and six colored pegs are used to indicate 
various steps in the procedure. For ex- 
ample, the pink peg indicates that the 
order has gone to analysis; yellow, to 
the engineer; red, to drafting; blue, to 
specification, and green to production, 
as shown on the master form, Fig. ] 


The board is provided with holes 
for 200 days, representing working days 
only, and these days are divided into 
groups of five, representing weeks, In 
order to simplify the checking of the 
numbered pegs with strings attached, 
if a factory order is received on a 


Tuesday, for instance, it would be indi- 


Py cated by a white eg laced in the sec- 
Series VP Tantalum ast 


ond hole on the first group of five holes 


Subsequent dates, therefore, will always 
occur in the appropriate hole repre- 
senting the day of the week in a week 
following the week of receipt. In this 
manner, the white numbered pegs with 


strings attached, no matter in which 
weekly column they occur, will always 
be placed in the hole representing to- 
day’s weekday. For instance, if today 
is Tuesday, all of the white numbered 
pegs with strings attached will be in the 
second hole in any given week, and this 
will make it easy to check to be sure 
that the pegs have been moved for each 
day as required 

When a particular step has been ae- 
complished, the colored peg for that 
step is moved to today’s date, as repre- 
sented by the white numbered peg with 
string attached. When a step fails to be 
done on the scheduled date, a yellow 
numbered peg is placed on the day 
following the step which was not accom- 
plished, indicating that that step is be 
hind sé hedule. ‘I he yellow numbered 
peg is taken from a storage column to 
the right of the board, so gaps in this 

VT a es er rT Pry tes column highlight orders behind sched 
ule. In this manner the peg board will 
show most efficiently the present condi- 
tion of all scheduled orders. 

Since all persons involved are 
promptly advised of promises and per- 
formance, the scheduling system elimi- 
nates much useless telephoning to hurry 


FANSTEEL METALLURGICAL CORPORATION urgent orders. It permits most efficient 


use of manpower to do the job, without 
iis bac: sncadieaala wasting time explaining to all and 


sundry what they expect to do, or why 
TANTALUM CAPACITORS DEPENDABLE SINCE 1930 they haven't done it yet. 0o0°0o 
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Engineering 
Standards 


Copper Wire Tables 


he first edition of Copper Wire Tables 
was prepared in 1912 at the request of 
the Standards Committee of the Amer- 
ican Institute of Electrical Engineers. 
It was an attempt to standardize the 
characteristics of a number of different 
wire gages in use at that time. 

This new edition represents the third 
revision for Circular 31. In this revision 
the tables have been extended to 50 
gage and up to 200 C, to make them 
more useful to present industrial re 
quirements 

All data in Copper Wire Tables are 
expressed in both English and metric 
units. The American Wire Gage as 


ee High-Temp Selenium 


by geometrical progression. The cir 


cular also contains a number of very : 
simple formulas for computing data for 
any size wire. Prepared by the National 
Bureau of Standards, Circular 31) may 
be obtained from the Government Print 


ing Office. Washington 25, D. C. Price 


per copy is > 4) 


Electronic 0 C Motor Controllers 


Proposed standards for eleetronie d- 
motor controllers prepared by the ALEE 
Subcommittee on Electronic Control are 
now available for comment and. criti 
cism. The standards will apply to in 
tegral horsepower — electronic — con 
trollers employing — phase-controlled 
rectifying devices of the vapor- or gas 
filled variety for adjustable and/or 
regulated speed control of shunt-type 
d-c motors. But they do not apply to 
straight, non-phase-controlled rectifica 
tion (such as anode-voltage control of 
d-c output by autotransformers, in 
duction regulators, tap changers o1 TTT ae LL Lee ee 
saturable reactors), controllers — for 
series-lype universal motors and motor 
generator set drives or controllers pro 
viding fixed armature voltage. 

This l8-page Conference Paper 
covers definitions, service condition 
rating of controllers, protection, pet 
formance standards and test code 


; : No. CPS6.97 FANSTEEL METALLURGICAL CORPORATION 
Sapien af Paper Te. Sree See aay ee 
obtained for $80 from the American | 


Institute of Electrical Engineers, 33 


4 
Weat 30th St. New York 18. N. Y ee Since 192 
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precision, deep drawn 


KOVAR 
PARTS 


from 1/4” dia. and 3/4” 


deep, .025” 


WRITE TODAY fo, COT Le 
your sketches or bluvepri 


thickness 


LET) 
CRT itt) 


THE engineering CO., 27 WRIGHT ST., NEWARK 5,N. J. 


Brand New! 


SMT CACY 


“TELEVER SWITCH’ #8 


SERIES 16000 


Featuring 
Single-Hole 
Mounting 


Single hole mounting provided by 
15/32” threaded bushing 3/8” long; 
slotted bushing and a special washer 
provide a convenient non-turn device. 
lock- 


ing and non-locking. A unique feature 


2-position and 3-position types; 


is that conversion from a non-locking 


Bulbs 


All the engineering fea- 
tures and outstanding 
workmanshipof the 6000 
Series ‘‘Telever Switch” 
are retained in this new 
switch. 


action to a locking action can be made 
by removing a simple stamping sup- 
ported by 2 screws. 


Contact are welded cross bar pal- 
standard. Fine silver (in vari- 
ous sizes) on special order. 


Write for details and price 


ladium 


1324 N. Halsted st., Chicago 22, ll, 
Canadian Representative 
Atlas Radio Corp. Ltd., 50 Wingold Ave., 
Toronto, Canada 


Manufacturers’ 
Publications 


mn ma 
data and 

ct to the 
letterhead 
‘UFACTURING 


TECHNICAL HANDBOOK ON CASTING 
ALUMINUM Purpose of “ 


Aluminum” is to provide a 


asting 
better un 
derstanding of the design 


tion of 


and produ 
It includes 
information to help 
t the ca ting 
alloy best 


requirements of the given 


aluminum casting 
clear and concise 
the designer se le« 


ind the 


process 
aluminum suited to 
meet the 
roduct Data on typical mechanical 
roperts are sented Twenty 
ided. The table of 
upplemented by an 
tabular 


itemized cro 


also pre 
three tables are prov 
content Is 


of the 


index 
data and a 9%-page 
s index. The 130-page, 6 x 
hound to lie flat 


when open It will) be sent without 


9-in. handbook is ring 


charge lo those 
pany letterhead 
Reynold 


500 South 


requesting if on com 
\ddress requests to 
Metals Co., Desk PR4810 
Third St Louisville 1, Ky 


PHOTOSENSITIVE DEVICES AND CATH- 
ODE-RAY TUBES Twenty 
technical catalog. “RCA Phot 
Device ind 4 


tains technical 


lour-page 
osensitive 
ithode-Ray Tubs con 
data on 45. type of 
phototubes 6 types of 
tube ind 6 types of TV 
Kach 


tabular data, and a 


cathode-ray 
camera tubes 
tube type is covered by text, 
ocket-connection 
diagram. Representative tube types are 
illustrated throughout the catalog A 
slight charge is made for copies of the 
catalog. Form No. CRPD-105, which 
obtained at a cost of 
Commercial Engineer- 


Division, Harrison, N. J. 


may be $.20 


from 


\ Tube 


per copy 
ing, R¢ 


MOLDING PHENOLICS—TJechnical 16- 
sound film, “Molding 
lics” shows every in the 


a phenolic 


millimeter Pheno- 


phase design 
molded 
first conception of de 
sign through the details 
finishing 


ind production of 
irticle from the 
of molding and 
lo completed product It de 
picts step-by step the 
machines that are 


the molded 


for showing to any 


technicians and 
teamed to produce 
Film is 


group or organiza- 


articles ivailable 
made by 
Pec hni« al 
292 Madison 


may be 
writing to Bakelite Co., 
Film Library, 10th Floor, 
Ave... New York 17 


tion. Arrangements 
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RU ee 


...and actually cost less! 


GERMANIUM 


“~S POWER 
RECTIFIERS 
Because of the higher efficiency of germanium, thes 


* 
new G-E rectifiers achieve a full 75‘. saving in size and Ratings to 


weight—and yet actually cost less than any conventional 
type dry rectifier in use today. This sharply-reduced 
weight and volume is a result of greatly-increased power 


per cell in the unique G-E low-loss rectifier 


Compare and see! For new efficiency in your 1956 de 
signs go the limit with new G-E Germanium Power 
Rectifiers. Tell your rectification problem to the G-lI 
application engineer—write today to: General Electr 
Company, Semiconductor Products, Section N8&8056, 


Electronics Park, Syracuse, New York. 


NOW AVAILABLE IN PRODUCTION QUANTITIES 


These rectifiers are available in standard combination 
. ‘ 
consisting of one or more rectifying clement A tew Overall Size Is 5 


ot the typical ratings are listed below 


CIRCUIT D-C OUTPUT AT 55°C (Resistive Load Be “money-wise” and 


Natural Convection Cooline ee : c 
Half \ . pound-wise” too, with these 
alt ive jamps @ 62 : 
amps G@ stand-out design features: 


Samps @ 
Full Wave Center Tat ‘aes Weight and volume reduced 
ul ave ente ip ips @ ¢ a 

Oamps @ | 75% 
ull W e Bridge lO ips @ 125 V ge 
, leecds Baits Rectifier losses have been re- 


Three-Phase Half Wave 8 amps @ 93 V duced to '/3 or less 


-amps @ BG V 


Vhree-Phase Bridge 11.2 amps @ 188 V No forward aging effects...no 


Up to double DC output currents for forced air coolin need for age-compensating 
devices 


Progress /s Our Most /mportant Product 


GENERAL 





THIS MOTOR 
IS PROTECTED 
AGAINST BURN-OUT 


When a MIGHTY MITE is protecting your motor, it can never be subjected to exces 
sive Operating temperatures because of overload, voltage variation, or other causes 
MIGHTY MITE gives you continuous and automatic protection against charring 
of insulation and burn-out. These thermal protectors let you produce a truly safe 
motor for safer products, and they can be a great aid in today’s competitive selling 
If you buy motors specify MIGHTY MITES. MIGHTY MITES are furnished as 
small as lly” long x ‘4 wide for motors up to '4 H.P., 115/230 volt ax 


Write or call today for specific data 


ae eh 
at eee el ta 


ne: POrtage 2.7673 . Akron 8, Oh 


| Book 
Reviews 


The Use of Selenium Photocells and Sun 
Batteries, by John Sasuga. Published 
by International Rectifier Corp., 152] 
Fast Grand Ave., El Segundo, Calif. 
60 pp. $1.50. 

This compact little book deals with 

the photovoltaic or  self-generating 

photocells and their use in light-power 
devices, photoele irk relays, photo 
meters, light beam communication, and 
many other applications. In most of 
the circuit diagrams illustrating appli- 
cations transistors are shown rather 
than vacuum tubes, also point-contact 
diodes. In each case the component is 
identified by manufacturers name and 
rating. In the case of the photocells 
and sun batteries International Recti- 
fier components are cataloged. Typical 
performance curves are given in the 
appendix which also includes other de 
sign parameters and methods of de 

termining the internal resistance of a 

photovoltaic cell 
The basic circuits described in the 

book should be useful to engineers and 
experimenters in developing photoele 
tric devices 


Techniques tor Application of Electron 
Tubes in Military Equipment. Prepared 
by the Electronic Components Lab 
oratory, Wright Air Development 
and obtainable from the Office of 
Technical Services, Department of 
Commerce Washington 25 D.C 
$2.50 
Revised edition of this Technical report 
designated WADC ‘Technical Report 
55-1, presents tube information from 
the point of view of the electroni 
equipment designer and serves as 4 
guide in electron tube applications 
Tube properties of more than 26 spe 
cific tube types are grouped according 
to ratings and characteristics essential 
in circuit operation, and properties det 
rimental to circuit operation. There also 
is a discussion of tube properties in 
circuit design 
Other parts of the Report—which is 
divided into four Parts—contain nu 
merical data and special design con 
siderations for specific tube types. Also 
provided are product distribution 
curves derived from Life Test records 
where available. The concepts of specifi 


cation control, operation within ratings 
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galvanite * 


Where there is danwer « rts rustin 
t failure 


the finest hot dip 


rketed today 


Lee 


special alloys 
From carbon steels of special mi ] 


* 
inalysis to the finest spring and | 
hi-tensile steels, you'll find Hy AL ao 
hundreds of appliance parts 

ipp ying on S 

uppliers relying on Sharon for you want exactly the right steel 


— steels of unparalleled Wits 5 ¥ iob, call in the man with 
qua 
ip] nce manufacturing experience 


yaron Steel Salesman. Other 
haron products in use by the 
ippliance industry include 
SHARONART 
the steel with the rolled-in 
rhace pattern 


PLATES 


FORGING INGOTS ar 


you should MAK. ond CORTEN 
know about 


SPECIAL 
STEELS 


stainless steels 


Aiipiliance e Manufaclarers 
Should Have These Booklets 

430 STAINLESS—a complete review of 
i popular straight chromium grade 
GALVANITE*—The story of one of the 
most popular hot dip zine coated steel 
SHARONART*—Rolled-in design steel 


with excellent illustration: 


SHARON STEEL CORPORATION 


Sharrow Flenntyloania 








Guidance and Controls, er 
ar velopment of advar 


control systen 


teme rhorne analog 
oyStems, aifd € analog 


and mechanical systems 
nalyzer equipment. Within these 


f ¥ , 4 ¢ 
riginal circ develonmer 
gina J velopme 


ro-mechanical design, |aboratory 
of systems under development, and 


+ a cycter ( 
em ang 


al a syst component leve 


Flight Test Engineering Section, wt 
’ , t programs and 
ipport of the program 
predicated on the test 
neering analytical ar 
trate the final m 
which the instr 


ated 


The analysis work performed cor t of aerodynan 
e systems, dynan flight cc propulsion ar 
luation. The F ght Te t Er 


also responsible for the field test program of 


gineering 


a pport ec 


} Suppo } red for the missile 


uipment requ 


Flight Test Instrumentation Section, which includes a 
Systems Engineering Group responsible for the system 
design concept; a Development Laboratory where 
electronic and electro-mechanical systems and 
components are developed; an Instrumentation Design 
Group for the detail design of test instrumentation 
components and systems; a Mechanic Laboratory where 
the instrumentation hardware is fabricated; and a 
Calibration and Test Group where the various instru 


mentation items and systems are calibrated and tested 


There are now a number of openings available for 


engineers in each of these groups at all experience level 


lf you qualify for any of these challenging opportunities 
te you to contact Engineering Industrial 
Relations, Plant 2, Gate 3B, Broadway & Prairie 


Northrop Aircraft, Inc., Hawthorne, California; or write 


we 


Manager of Engineering Industrial Relations, Northrop 


Aircraft, Inc., 1018 East Broadway, Hawthorne, Calif 


NORTHROP AIRCRAFT, INC. 


PIONEERS IN ALL WEATHER AND PILOTLESS FLIGHT 


Produ scorpion F-89 Long-Range interceptor 


ntinental M 


ind = tolerance ot characteristics are 


emphasized throughout 

Importance of this Report is em 
phasized in Uw Introduction, which 
points ou “The complexity of 
militar iircraft has become such that 
the misapplication of ingle part can 
nullify the aireraft’s effectiveness. The 
iriability of the electron ube a i 
manulactured product ha olten gone 
inrecognized because certain informa 
tion about the properties of electron 
tubes has not been available. Failure to 
appreciate the significance of this vari 
ability i i design factor has many 
time resulted in failure to realize 
operational reliability Facts, data, 


ind advice are presented which are not 


elsewhere ivailable in consolidated 


lorn 


SPE Technical Papers—Volume II. (Pre 
prints of papers at the 12th Annual 
National Technical Conference 
Published by the Society of Plastics 
Engineers s4 East Putnam Ave 
Greenwich, Conn, 618 pp. 5 x 
in., paper-bound, $7.50 to nonmem 


bers of the SPE ($5 to members). 


Preprints 11th Annual Technical and 
Management Conference, Reinforced 
Plastics Division, The Society of the 
Plastics Industry, published by the 
SPI, 67 West 44th St., New York 36 


476 pp., 8 x 11 in., paper-bound, $5. 


Plastics Progress 1955. (Papers and 
Discussions at the British Plastics 
Convention 1955.) Edited by Phillip 
Morgan. Illife & Sons Limited, Lon- 
don published in the USA by Philo 
sophical Library, 15 East 40th St., 
New York 16 2 pp. © xz WO in, 


hard covers, $17.50 


Effects of Radiation on Dielectric Mate- 
rials. (Reprints of papers presented at 
a conference sponsored jointly by the 
Naval Research Laboratory and the 
Office of Scientific Research, Air Re 
search and Development Command 
W ashington, December 14-15, 1954.) 
Publication No. PB111863, of the 
Office of Technical Services, Depart 
ment of Commerce, Washington 25 
D. C. 170 pnr., 8 x 10% in., paper 
bound, $4.25 
These publications have two things in 
common: (1) Each deals with plastics 
materials and (2) each is either a pre 
print or reprint of papers origina ly 
presented at industry or professional 
society technical meetings 
The strength of such publications 
(particularly the preprint) is their 
timeliness and the broad and horizontal 
sweep they provide of the current de 
velopments in the field. On the other 
hand, such compilations tend to diffus 
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Another new development using 


B. F. Goodrich Chemi 


Bd 


We supply only the Geon vinyl resins 


House wired for Low-cost heating 


EAT will beam down from the 
H ceiling in this house—from 
Geon vinyl insulated resistance wire 
stapled to the lathe and buried in 
the plaster—radiating to every point 
in the room. 

Geon extruded wire insulation 
makes this possible—gives a life- 
time heating system with no danger 
of fire. It withstands the heat of 
these wires and maintains its excel- 
lent electrical properties indefinite- 
ly. Initial cost of the system is less 
than any other—with no prospect 


of maintenance. 


Electrical stability of Geon based 
insulations is outstanding. Insula- 
tions have been kept in water as 
long as three years with no signifi- 
cant change in electrical properties. 
Geon shows an equivalent chemical 
stability in resisting strong acids 
and aklalies. Its fire resistance was 
“drafted” by the Navy during World 
War II for wiring ships. 

Insulations of Geon compounds 
are used in aircraft, automotive, 
communications, Construction, 1n- 
dustrial, marine, utilities and motor 
wiring. To find out more about 


cal raw materials 


Goodrich Chemical Company does not manufacture this insulated wiring 


Geon in the electrical industry, 
Dept. DK-3, B. FP. 
Goodrich Chemical Company, Rose 
Building, Cleveland 15, Ohio. Cable 
address: Goodchemco. In Canada: 
Kitchener, Ontario. 


rlease write 
J 


Visit us at the Plastics Show! Booths 422-426 


GEON RESINS « GOOD-RITE PLASTICIZERS...the ideal team to make products easier, better and more saleable 
GEON polyvinyl materials « HYCAR American rubber and latex « GOOD-RITE chemicals and plasticizers « HARMON colors 


AD NOL j NG " ) . 
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HYSeL 6oo00 


For These RAYTHEON 


Transformers... 


HYSOL 6600 is a new epoxy casting 
resin especially developed for MIL- 
T-27A and other Military Specifica- 
tions. After more than two years of 
development and evaluation in our 
own and government laboratories, 
it is now being economically used 
in transformer production by RAY- 
THEON. 


HYSOL 6600 was specifically pro 
duced for transformers for electron 
ics, instrument transformers power 
bushings and related equipment. It 
is a filled epoxy base in the form of a 
soft solid which melts to a low viscos 
ity liquid Complete Technical Data 
Bulletin available on request 


ott o 
‘ ®o 


o 
c 
c 


@ 
a 4 
| . o ; nanufactures * 
ompiet ee ae wee HYSs 
Materials, Adhesives and ° 1oo! ; ne 
¢ ar ; f icts as rod “ z 


GrtOonm (asoee oes im 
mn Materials 


HOUGHTON 
LABORATORIES 
INC. 
140 HOUGHTON AVE. OLEAN, NEW YORK 


In Canada 
HYSOL (( anada], LTD 


Leaside Toronto 17, Ontario 


iveness. Also, as is typical of all con 
ference programs, the caliber of the 
papers will be uneven 

From the special standpoint of those 
concerned with the function of design- 
ing electrically energized equipment, 
each of these books has certain discus 
sions of spec ial interest and importance, 
For ¢ xample, “SPE Technical Papers 
Volume II” contains among a total of 
some 56 papers, one on “Epoxy Resins 
in Electrical Applications’; a five 
paper “Materials Symposium” on 
new resins including Teflon, new low- 
pressure polyethylenes, silicone resins 
and cellulose propianate; a four-paper 
“Design Symposium”; and a_ four 
paper “Research Symposium.” 

Phe preprint volume of the SPI Rein 
forced Plastics Division is of course 
related to one phase of the plastics 
held, but within this area manages to 
present some 80 papers. These deal 
with property evaluation of various re 
inforced plastics materials (molding 
compounds as well as laminates): fab 
ricating and production problems; and 
design considerations 


British Plastics Reports 


Our British entry in this group of 
books, “Plastics Progress 1955,” is 
typical of British technical programs. 
The papers tend to go somewhat into 
the “lecture” type. This makes perhaps 
for somewhat more solidity, but at the 
risk of repeating information that may 
have already appeared in the literature. 
Individual papers run to greater length 
than is customary at the American 
meetings, and the total program ap- 
pears to show excellent planning and 
organization. The 20-odd papers are 
grouped under these subjects: Polymer 
Structure and Properties; Expanded 
Plastics; Thermoplastics; Extrusion; 
Injection Molding; Glass Reinforced 
Plastics; and some related subjects 
such as Patents; Work Study and Pro 
ductivity; and Foundry Resins. The 
papers on thermoplastics are particu 
larly interesting and include discussions 
on dispersions of polytetrofluoroethy| 
ene and on newer nylon compounds 

The readers of this publication have 
ilready been exposed to a discussion 
on the effects of radiation on dielectric 
materials (“Impact of High-Energy 
Radiation on Dielectric Materials,” 20 
pp, June 1955 issue, page 85). The 
NRL-ARDC symposium report under 
review here contains some 22 papers 
that are primarily concerned with basic 
research in the field, but also include 
test data on the performance of various 
dielectrics under irradiation. This re 
port should be of much value to anyone 
who wants to study this subject thor- 
oughly ranging from basic concepts 
of radiation mechanisms to the signifi- 
cance of radiation effects in the design 
of electrically energized equipments. 
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W MARCO 


ines SHADED POLE 


1/25 h. p. 
o Va h. p. 
al 
ee Higher Efficiency 
apy) sy 


Mme 
rns 


~ 


This new, large diameter . 


- be] 
=e a ne “atl 
(542°), more powerful Mi AEH Es + 

L 
motor has all the features . - 


of the famous Marco Motors used in hundreds of thousands of air conditioning ROOM AND CENTRAL 
AIR CONDIT!ONERS 


units in fans, blowers and furnaces. 


Power up to '4 h.p. can be supplied — or — for compact designs this motor is 


supplied in new “pancake” design as short as 2!> inches in 1/15th horsepower. FURNACES 


This new Marco Motor is double impregnated with heat reactive insulating 
varnish which provides outstanding moisture resistance. The stator is insulated 


with high temperature Mylar for longer life during adverse operating conditions. 


BLOWERS 
The standard bearing design is used because of the outstanding performance of 


Marco bearings in the field. 


f , 
‘ 


Marco Engineering saves you production time WINDOW 


FANS 


/* 7 A i 
, { bd 4)) 
(yay, 
es 


assures high quality performance. 


Write today! 
( lity Moto 
INDUSTRIES, Inc. sce dese 


product at 


ready-made prices. 


10th & Franklin Streets . Womelsdorf, Pa. 
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BARBER uitta- 
mI Sensitive 


relays 


HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE... 
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PHOTOELECTRICITY APPLICATION 
























































Many stages of electror amplificauion in 
photoelectric controls can be mplete 
eliminated with a Barber-Colman Mict 
positioner ince a inrent generating pho 
toce hione provide ihcient ower to 





















operate this relay directly 


A Mic re po mionernr ¢ 


watt input 
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with fine ilver contact 

















at | ampere, 110 vole 6O cycle, resistive 



















































































load) as essentially a tube amplifier 
capable f tt mili nm tir amplifica 
ti ” 

Among the many ap} ‘ f this 
simplified, non-electror photocell con 
trol are: punch pre safety contre 
emergency iwhting controls floor 
peners burglar alarm eve n 
rol packagin orugr f f ind 
matenals handling contro | any 














other automation function: 












































If are developing an applicat call 
ne tor ph ell contr hy not make a 

test th a Mi ropositioner designed for 
if it milar t that Nn al r 

W rite for technical bulletin 
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POLARIZED DC RELAYS 
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Barber-Colman Company 











Dept. E, 1403 Rock Street, Rockford, Illinois 
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Associations 





Machine Tool Hydraulic Forum Meets in 


Detroit, May 24-25 


I bie 196 Vy 


Hydraulic Forum por red by Vick 
Jin will be held Ma 4 


I ineerin 


Detroit 


’) at the 
society of Detroit Build 
Mich. Purpose of the 


promote further mmprovement 





‘ Mipone ni 





ind 
Kevnote peaker for the L956 se 





lem 
ion 
‘ ident of the 
itional Machine Tool Builder As 
) emoderator lor the two 
| event are Hans Ernst, director of 
iti Milling Machine 
lan, proc 
upment manager tor Che 
of G.M4 
lakin part in tl 


luctive 


rolet Divi 


i open forum di 


ions thi ear will be representa 
live of machine tool builder use! 
ind hydraulic aces or manulacturer 
unong other Attendance at the Forum 


by invitation onl 


NEMA Section Picks Carl F. Megelin 
Carl F. Megelin, Chicago 


the commercial product 
Swits hho ira 


manager ot 
Kellogg 


Chicago, 


dept 
ind Supply Co... 
is elec 


ted chairman of the Signalling 


tion of the National Klec 
trical Manufacturers Association at the 
Mid Winter 


\ssociation 


\pparatu sek 


imnual Conference of the 


held in Chicago in March 


k. S. Ruth, supervisor of industrial 
ignalling engineering The Gamewell 
(o., was elected vice chairman of the 


Section. Mi 


erye a 


Ruth also will continue to 
Tech 


chairman of the Section 


nical Committee 


Date Set for AIEE Appliance Conference 


ibcommittee on Domesti: 
oft the 


(Appliances 
American Institute of Electrical 
bngineers | ponsorin the Seventh An 
ial Appliance Technical Conference 
to be held at the Wisconsin Hotel, Mil 

ikee, Ma 14] Major theme of 


t| ears conference Motor Driven 


American Welding Society Elects Officers 


Jol J. Chyle, direct welding re 
inch, A. O. Smith Corp. has been 

1 president of — the (\merican 
Weld Society for the 1956-57 fiscal 


eduction Machine lool 


lorum 


ith 


vear beginning June | 


First vice president for this 


period 
will be Clarence P. Sander, Consol- 
idated Western Steel Div United 
State Steel Co.: second vice president, 
Gustav O. Hoglund, Alcoa Process De 


( lopme nt Laborator Ta 


Ame rica 


Aluminum Com 
pany ol 


West Coast Prepares for Record-Breaking 
Electronics Show and Convention 


As final plans take 
Western Ele: ind Conven- 
tion anticipates a record breaking year 
in both numbers of exhibitors and at 
tendance The show, to be held at the 
Pan-Pacific Auditorium, Aug. 21-24, is 
co ponsored by the West Coast Kle« 
tronic Manufacturers’ Association and 
the Los Angele 
lions representing the Seventh Re 
of the Institute of Radio Engineer 

This year the how will have 670 ex- 
hibitor 
for the 


shape the 


tron Show 


1956 


ind San Francisco sec 


units compared to 579 booths 
1955 event 

Phe convention, which will be held 
concurrently with the electronic exhibit 
will be headquartered at the Ambassa 
dor Hotel, Los Anveles Further infor 
mation concerning the Show and Con 
vention may be obtained from Herbert 
Cerwin, 344 North LaBrea Ave Los 
Angeles 36, Calif 


ASHAE To Meet June 18-20 in 
Washington for Semiannual Meeting 


Two Symposiums and 14 papers have 
been tentatively scheduled by the pro 


gram and papers 


committee of the 
American Society of Heating and Air- 
Conditioning Engineers for the Society’s 
1956 Semi-Annual Meeting, to be held 
June 18-20 at the Shoreham Hotel, 
Washington, D. ¢ 

Lhe Meeting will consist of over 


sessions 


beginning on Monday morning 
ind closing on Wednesday evening with 
the semiannual banquet. 

Included on the program 1 i vm 
posium on Codes and Standards, con- 
ducted by Charles H. Peterfield, profes 
sor Michigan College 


State 


Heating and Air-Conditioning Engineering 
Group Enlarges Engineers’ Research Staff 


James C. Loucks has been appointed 
© research laboratory staff of the 
American Society of Heating and Air 
Engineers. Mr. Loucks 


ill assist the director of research 
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NON-FERROUS 
SHELL MOLDING 
...see PB& B 


Need non-ferrou casting to close tolerances? trical part ind aluminum and mangunese bronze 
Shell molding, by Philadelphia Bronze & Brass, for structural member 
ean offer you substantial savings. This new foun 
dry proce produces smoother surfaces . hold Complete facilities. Under a single re ponsl 
olerances as close as 0.008" per inch reduce bility are encompassed all activities to produce 
. “| > t lv 1 ai er’ “ral 4 
finish machining requirements... permits intri hint hed casting pectin tions, Including 
the design and making of shell molding pattern 

cate coring. On production quantities, its cost ' . 
{ t} } f f { Cia Ling cap cit re ip to part oU pound in 
olten compare WILN Ln: Ol sand Ing | ‘ r 

-a ; welght ind mold lp to M5 by. 20 lhe most 


modern laboratory equipment is used to maintain 
By bringing your shell molding problem LO PB&B | ‘ 

trict quality contre ich step in production. 
you profit by these extra value 


kor “a discu | } yl pecific hell molding 
Specialized experience. lor years we have sp ipplication, write tod to Philadelphia Bronze 
cialized in casting a variety of non-ferrous alloy rt of the field offices of P. R 


inc! dit vy high cond ictivity copper alloy for elec 


PHILADELPHIA 
BRONZE & BRASS CORP. 


yee mee ee) ed 


_ MATLORY 





WANT 70 


at RE aT | 
SPEED? 


Pictured is two-governor mode! 
independently controlling 4 speeds 
with O.T$.P? 


switching 
Compact SYNCRO-SNAP Packaged Control 
regulators are furnished in three types 


1. For continuous, automatic speed regula- 


tlon over a narrow speed band 


As a governor-control of dual, prede 
termined minimum/ maximum speeds 


over a greater speed band 


To govern a single high speed, or a 
single low speed 


Packaged Controls con utilize up to three 
independent governors for control of mul 
tiple or inter-related circuits 


This versatile new SNYCRO-SNAP control 
can be located almost any place to control 
speeds on practically any mechanical, elec 
trical or electronic rotating device, as well 
as inter-related equipment systems. Even 
fractional rpm can be regulated, Unit can 
be coupled in any convenient manner 


This is the latest SYNCRO-SNAP develop 
ment. It may be your simple answer to 
speed detection and control problems 


WRITE TODAY FOR DETAILS 


External speed adjustment through 
10% available standard models 
furnished for foot or flange mounting 


ENGINEERED PRODUCTS, INC. 


12 Interstate Street @ Bedford, Ohie 
Phone BEdford 2-4100 


Calendar of Meetings 


May 1-3 


Symposium 


Klectronic Components 
sponsored by the 
American Institute of Electrical 
Engineers, the Institute of Radio 
engineers and other engineering 
groups, with the active support of 
the U. S. Department of Defense 
and the National Bureau of 
Standards, U. S. Department of 
Commerce; auditorium of the 
{ 5 Department of Interior 


Wa hington I). ¢ 


May 2-4——-Annual North Eastern 
District Meeting of the American 
Institute of Electrical Engineers: 


Sheraton Hotel, Rochester, N. Y 


May 7-9—-Annual Meeting, Air 
Conditioning and Refrigeration 
Institute The Homestead, Hot 
oprings Va 


May 7-11 Spring Meeting; 
American Welding Society, Hotel 
Statler, Buffalo, N.Y 


May 14-16-—-kighth Annual Na 
tional Conference on Aeronautical 
KMlectronics ponsored by the 
Dayton Chapter of the Institute 
of Radio Engineers and the Pro 
fessional Group of Aeronautical 
ind Navigational Electronics of 
the IRE, Biltmore Hotel, Dayton 
Ohio 


May 14-17 Design Engineering 
Conterence ponsored by the 
ASME, Convention Hall, Phila 
delphia. To be held concurrently 
with the First Design Engineering 


Show 


May 21-22 SVinpostum on Reli 





Elmer R. Kaiser, in presenting Society 
research programs to industry and in 
explaining the results of this research 
Ihe Society's research laboratory is lo 


cated in Cleveland 


Westinghouse Research Engineer Awarded 
AIEE Lamme Medal 


Dr. Clinton R. Hanna, associate direc 
tor of research, Westinghouse Electri 
Corp., East Pittsburgh, Pa., is the re 
cipient of the 1955 Lamme Gold 
Medal. The award was bestowed upon 
him by the American Institute of Ele 
trical Engineers for his “fundamental 


able A pplic ation of Electron 
Tubes; Radio-Electronics-Televi- 
sion Manufacturers Association, 
Irvine Auditorium, University of 


Pennsylvania, Philadelphia, Pa 


May 24-25 1956 Produc tion 
Ma hine Tool Hydraulic Forum: 
sponsored by Vik kers Inc En 


Society ot Detroit 


Building, Detroit, Mich 


gineering 


May 28-30-1956 Spring Meet 
ing; National Fluid Power As 
sociation, The Greenbrier, White 
Sulphur Springs, West Va. 


June 3-6—Summer Annual Meet 
ing; American Society of Refri 
Cincinnati 


gerating Engineers, 


Ohio 


June 11-15 Seventh Annual 
Plastics Exposition; The Society 
of the Plastics Industry it 

New Coliseum, New York City 


June 17-22-—59th Annual Meet 
ing, American Society for Test 
ing Materials, Chalfonte-Haddon 
Hall, Atlantic City, N. J 


June 18-20 Semi-Annual Meet 
ing American Society of Heat 
ing and = Air-Conditioning En 
gineers The Shoreham Washing 
ton. D. ¢ 


June 18-22 Fourth Annual Hu 
man engineering Institute; spon 
Dunlap & Associates, 


Stamford, Conn 


ored by 


June 23-July 1 
ign Conterence Aspe n. Colo 


International De 


calculations and developments in_ the 
field of electrodynamics and particu 
larly for his achievements in the design 
of generator voltage regulators, auto 
matic rolling mill controls, and tank 
pun stabilizers.” 

Presentation of the medal will be 
made at the Summer General Meeting 
of the AIEE in San Francisco June 25. 

Holder of more than 100 patents Dr 
Hanna since his graduation from Pur 
due University spent his entire career 
with Westinghouse as research en 
gineer, and since 1944 as associate 


director of research 
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Always in 


DEPENDABLE SUPPLY! 


<n A 
Ah <s 0, 


eae 


eo f) 
% f - 4 


U. S. Royalastic 


PLASTIC TAPE 


Mechanical Goods Division 


READER INQUIRY SERVICE CARDS, PRECEDING BACK 


This versatile tape does the work 
of both rubber and friction tapes 
on many jobs. Complete me- 
chanical and electrical protec- 
tion. Good tensile strength and 
high resistance to water, oils, 
acids, alkalies, corrosive chem- 
cals. Easy to manipulate in 
cramped spots. Good stretch 


COVER 


and adhesion. Approved by 
Underwriters’ Laboratories, In 

You can get immediate deli 
ery by getting in touch with any 
of United States Rubber Com 
pany s many distributors, any of 
the 27 “I S District Sale 
Offices, or write us at Rocke 
feller Center, New York 20 


New Y ork 


United States Rubber 


303 





and HERE’S PROOF! 


“Hi LOOP TYPE” 


/PLASTIC CLAMPS 


Available in 3 materials... 


ETHYL CELLULOSE - SARAN - NYLON 
a Available in 


range from 


4 ‘ ‘ 
ff \ ; n 46 stock size 
Open easily slic 
| over wires, cable 
j 4 pipes tubes et 
Light in weight 
tough and durable 
J over wide tempera 
ture ranges Otter 
f/ id a1 insulating 
properties while 
protecting delicat 
~*~ 


NEW . 
WIRE CONNECTOR 


Hi-O ““LOK-ON” 
metal 


Wire 


strands become securely 


MILLIONS 
iN USE! 


Features unique 


spring insert 
wedged and locked as the 
connector is screwed on 
Gives twice the average 
holding power! Even in 
experienced help can 


make perfect pigtail 


splices. UL and CSA 


approve d 


FREE SAMPLES 
TEST ‘EM YOURSELF! 


Please send 


CONNECTORS 


samples of CLAMPS AND 


NAME 
FIRM 
STREET 


ciTy 


ASK FOR 
COMPLETE 
CATALOG 


‘| 
HOLUB INDUSTRIES. Inc. 


445 Eim Street 


sO4 


Sycamore, III | 


| Design Engineering Conference 
| Program Set for May 14-17 


Final details | 


Panel Session: Value Analysis in Prod 
uct Design 


or, Macl 


Panel 


How 
Engineers 


De partmen 


Sessbons 
Design 
Linsky 
trial Engineering Per 
l niversity 
\ A. Johnso 
Switchgear Di ion 
hlectric Corp 
Bernard J. Ce i 
Dunlap and A 


manager 


Wednesday, May 16 
Clifford Eddison 
ind =P i 
ration of Ameri 
Frank J. O 
MANUPFACTUT 
Selecting Engineering Material. for 
Products 
W. AL Th 
gineeri 
Probe his 
Willia 


Recognition and Reward for Invention 
W. A. Steige anager, Patent Depart 
\\ I t ( 

of the 


Emplovees’ Inventions 


Vow Vix ialure 
RELAYS 


switch 20 amps. 
reliably 


Class 11-D 


For DC operation 

to 150 V Mini- 

mum operating a, 
power, 2 watt ‘ 
158” long, 15 16” 

wide, 1-7 16" 

high 


Heavy, double 
break contacts 
11-D and 

22-D Relays— 
SPDTNO only 
Rated 20 
amps. at 115 
VAC or 32 

, non in- 


uctive load 


For AC operation to 440 V. or DC to 230 
Vv Minimum operating power, 


2-1/16" long, 1-1 


watt 


16” wide, 1-9 16” high 


Send for Catalog 


ET mee 


3350D W. Grand Ave. Chicago 51, Ill 





(MattorY 


How Mallory Contact Engineering 
Balances Performance and Price 


MONTACTS can be too good for their intended service. Detailed 
) study ol a contact application, by Mallory engineers, olten 
Mallory Contact Engineering uncovers ways to design more closely to actual requirements 


Offers Five Ways at substantial savings to the customer 
To improve Economy The contact pictured above 1s a t pical example Intended for 


‘ina circuit breaker for utilit istribution line 
The most effective contact material from was designed with contacts made avy-duty sil 


the extensive line ce ve loped by Mallory At first ylance, this exce pl 
More economical alloys often can satisfy 


actual service condition 


it originally 
er ELKONITE 
; ionally long-wearing, high conductivity 
metal appeared ideal to meet the customer's original specifica 
tion Sut further investigation by Mallory contact engineers 
The most economical contact design... re 
lor your purcha ing, product on and prod 
uct need 


ealed that while contacts had to operate with absolute 

dependability, they did not have to function frequently. 

The most economical backing material n the basis of the actual frequency of service expected, Mallory 
from a group of Mallory alloys devel engineers recommended a change 


to a copper ELKONITE an 
oped for this uss 


made of lower priced materials, and more economical to 


The most economical backing member produce. Overall savings to this customer amounted to a 50% 
design...in relation to contact and prod cut in contact costs. Moreover, there 


no sacrifice in perlormance 
uct design requirement for the 


pec ifie applica 


The most economical method of assembly Vs ta 1 by Mallory on vour own contact 
and bac ny me mber 


ol contac 


ol interesting aVings lor you 
coordinating i these important ¢ ! Kperience to 
de 


Irom tne 


verall de ivi 


‘ 
vrite or call Mallor 
toda 


Expect more...get more from 


Serving Industry with These Products: P._R.MALLORY &@ CO. inc 


Electromechanical—Resistors © Switche e Tuy Vibrators 


Electrochemical— Capac r . . j Batteries 


Metallurgical 1cts Specia als siding Materials 


P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 





Eudunauce Rated 


COUNTERS 
to Fit every ucced 


200 MILLION COUNT LIFE 


Silver 
King 
Stroke 
Counters 
I nequalled for Automo 
bile and Aircraft factories 
stamping, metal working, dic 


casting and plastic molding ma 


chine laundry, printing and all 


kinds of equipment 


6 MILLION COUNT LIFE 
lhe proven an 


Junior King 
es, amuse 


and fac 


tor equ pinent where 


swer for 
ment machines 


is moderate 


3 MILLION COUNT LIFE 


SS , 
other equipment where 


space is limited ® 
200 MILLION COUNT LIFE 
/ fy f 


Silver King 


SMX Tamperproof 
Millions used for 


vending machine ind 


Revolution 


7 at Counter 
“a> P For measur 
Ww machine 
Available 
with flexible shaft for convenient 
location 


1 BILLION COUNT LIFE 
10,000 CPM 
<> 


r 


metering equipment, et 


Clipper 
Coil 
Winding 
Counter 
Unequalled 
for high speed 
coil winding 
See your PIC 
Representative or write. 


700-04 W. Jackson Chicago 6, Ill 


In his new position as a vice presi 
dent of The Perkin-Elmer Corp., Nor 
walk, Conn., Dr. Roderic M. Scott will 
be in charge of the company’s newly 
formed engineering and optical division 


With the 


he joined the organization as assistant 


company since 1949, when 
director of research, Dr. Scott was 
named in 1951 director of engineering, 
position he held until 1955 when 
became director of the firm’s pro 
clor division, concerned with pecial 


ivineering matter 


Appointment of Harold Ruehl as chie! 
engineer has been announced by Erik 
on Tool Co., Cleveland, Ohio. His 
appointment fills the position left open 
by the recent death of Robert F. Jacobs, 
issociated with Krickson as chief en 


yineer lor many year 


Raymond A. Rugge has been elected 
vice pre ident in charge of the research 
ind deve lopment division of The W. I 
Maxson Corp., New York. He will 
direct all research and development ac 
tivilse for the 


company, Which spe 


cralize in the de in development 
ind production of precision electronic 
ind electromechanical equipment for 
equip 
joining Maxson, Mr 


issociated with the Minne 


tireraft, missile and ordnance 


ment Before 


In Clifton, No J., the Federal Tele 
phone and Radio Co, has 
Henry L 
engineer of telephone and microwave 
engineering. With the 
1944, Mr 


visor of the company 


appointed 
Horwitz 4 issistant chief 
company since 
Horwitz was formerly super 
telephone circuit 
design department. He holds 18 patent 
either completed or pending, covering 


telephone witching 


New director of research at EKitel 
McCullough, Inc 


tron powe! tube . 


, manufacturer of elec 
is John S. McCullough, 
issistant director of research for the 
Fred A. Speaks, 


who joined the San Bruno, Calif., firm 


company nee 1951] 


in 1954, has been appointed assistant 


director of research 


Dr. W. R. Sittner has been appointed 
associate director of research and de- 
velopment of Motorola’s Semiconductor 
Division. Mr. Sittner will be primarily 
responsible for the adminstration of 
research and 


development contracts 


hetween the Semiconductor Division and 


government agencies. Dr. Sittner was 
employed from 1949 to 1953 at Bell 
Telephone Laboratories, concentrating 
on the design and production of tran 
sistors. Prior to joining Motorola, he 
Aircraft 


Semiconductors, Inc. Ih 


was associated with Hughes 
and Pacifi 
both positions he was engaged in the 
research, development and productior 


of semiconductor devices 


k.merson Radio ind Phonograpt 
Corp., N. Y. has elected Dr. Harold 
Goldberg vice president in charge of 
research Director of the Emersor 
Research Laboratories in Washington 
LD). C. since its establishment more thar 
2 years ago, Dr. Goldberg holds three 
degrees in electrical engineering from 
the University of Wisconsin and has 
done considerable research on miere 


wave radar, air navigation system 


and television 


Thomas A. Elder has been advanced t 
the post of consulting engineer in the 
engineering section of General Electric’ 
power tube sub-department, where he 
will assist management in the technica! 
evaluation of programs in the power 
tube field and also act as a liaison witl 
working in this 


variou laboratories 


field. Mr 


erved as 


Klder in recent years has 
manager of the design en 
gineering group handling responsibility 


for klystron 


magnetrons 


traveling wave tubes 


vacuum amplifiers, small 


microwave tube and pas witching 
tubes. In 1955. he wa appointed man 
aver of microwave tube product er 


pineering 


New engineering director of Hyco: 
Co liv is Philip R. Getfe, who will 
guide the North Hollywood, Calif., con 
pany s engineering activities In wave 
filters, magnetic amplifiers, resistors, at- 
equalizers. Formerly 
lriad 


joined Hycor 


tenuators and 
chief filter engineer at Trans 
former Corp., Mr. Geffe 


as director of research 


James A. Comstock, who joined Acme 
Cuba, N. Y., 26 years 


ago as chief engineer, has been elected 


Electric Corp., 


chairman of the board of directors 
Before taking over his new duties, Mr 
Comstock served the company as presi 
dent and, preceding that, as vice presi 
dent. The new president of Acme 
Electric, William E. Wilson has an 
engineering background going back to 
Armour Institute of Technology, where 


MAY 1956 ELECTRICAL MANUFACTURING 





NEWLY DESIGNED 


Howard Induction Motor Model 2900 


Offers 18% Overall Improved Performance 


and Efficiency for Critical Applications 


MERIAM The new HOWARD 2900 motor incorporates an improved lamination and 


is a 24-slot lamination versus a [6-slot lamination in the old 2900 motor. 


MULTIPLE TUBE Ihe advantages are as follow 


® With the same watts input, there nore power output. For a given weignt and space 


COM MON WELL more power ts available 
TYPE MANOMETER With less watts input to develop the same power output, the motor runs cooler 


Because of the cooler running | : all the attendant advantages of lower 


Model 2900 motors with gear units are used to heat rise 


motorize each well, quickly position the datum 


yme of these are a. Lo » bh. Longer Bearing Life c. Minimum 
level required for the pressure range of the test , 


Te lubrication trouble d bil 0 i higher ambients 
involved 


There is reduced oggin 


standard Induction types 


There is considerably less external field with the new 2900 Motor. A leading manu 

MAGNECORD facturer of dictation equipment, reports that after thorough tests on the new 2900 
Motor the external field was found to be so low that it is unnecessary to use baffle 
material to screen out the magnetic field 


TAPE 


@ There is substantially less mechani ibration 


. e RECORDERS @ There is less electrical and mechanical noise 
Prices on the new Howard 2900 motor ure moderate. Many gear ratios are 
available. Write today for complete information on MODEL 2900 and other 
Model 2901 used in several MAGNECORD high Howard Induction motors, Seri ind 1D. ¢ motors and Shaded Pole motors 
fidelity professional units. Extremely quict opera Howard's fractional h.p. motor selector chart is available on request 
tion minimum copping minimum mechanical vi- 


bration are major points in selection 


WESTERN UNION 
RECORDER 
#5616B 


mnstant 
e. Se 
616B 


om users 


elected’ ball bear f ’ tale ’ t Sleeve bearings with 
large felt resery wil et te ) ). Sleeve bearir tors provided with 
ball thrust bearing for vert 
> Gpole, 8 l.zors slo 1 j gnf } ! { q high grade electrical steel 


ations. 1/100to1/15h.p 3. R y ed ewed 7 jue characteristics with change of 


ist three of 
HOWARD 


1 baked with top grade electrical 


Other Howard motors: UNIVERSAL & DC. 1/7 f { POLE Oto % he f 400 to % RS « GEAR MOTORS « BLOWERS 


DEPT. EM-5 + HOWARD INDUSTRIES, INC. + RACINE, wis. 


SALES OFFICES: 208 S. La Salle St., Chicago 4 Buy 


Defense 
942 S. La Brea Ave., Los Angeles 36 +R 1 4822, Empire State Bldg., New York? \ Bonds 


DIVISIONS no ELECTRIC MOTOR CORPORATION (&) CYCLOHM MOTOR CORPORATION (ath) RACINE ELECTRIC PRODUCTS 
A / eI 


407 
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... the Most Important 
Cost -Saving Advancement 
Yet Offered 


Malco Lutomatic Pin and Cont 
Inserting Machine « 
embly cc 


nimaterially reduce 
mst ind at the 

production to practi 

iny desired le 
Operation is complete iutomatsiu 

to 40 or more sell-retaining terminal 

inserted into the printed circ 

in an mmetrical or non 

pattern within a 4-second cycle 

piaten engages the self-retaining 

feature of the terminal and the 

is ready for immediate fturther 

ind dip soldering tequest Bulletin 551 Setter 
Maleo Automatic Inserting Mac 


can be engineered to your particular 


about your 


how you how 


pili ition or produc tion requirement lowered and 


increased 


TOOL and MANUFACTURING CO. 


4021 W. LAKE ST., CHICAGO 24, ILLINOIS 


Teme lial: 


IN STOCK 


mee) 
ve ace 


A 
mi 
= 
A 


A 
> 
on 
a 


7 DI 
SERVICE 
ON SPECIALS 


FOR FREE 
CATALOG 


T/ ate)e 


Immediate delivery from the world’s largest stock 


Anti-Corrosive Metal Products Co., Inc. 


CASTLETON-ON-HUDSON, N. Y. 


S&S WRITE 


engineering tol 


isiness administra 


George M. Stapleton 


ind 


ent additions to the engineering 
{ Lockheed’s Missile Systems Di 
ision in Van Nuy Calif include 
Dr. Victor Vali, who has been appointed 
ior scientist in the research labora 
<perimental aerophysics depart 

ient. Dr. Conrad C. Wan, formerly 
I project engineer lor Chance 
ight Aireraft Ine has been named 
laboratory chief in the tems anal 


i 


ind evaluation department ot the 


earch laboratory 


Promotion of Lauren L. Morin to di 
ion engineer, electrical products grouy 
ind John E. Cahill to assistant divisior 
engineer, has been announced by Mir 

ota Mini & Manufacturing Co 

Morin joined 3M in 1950 in the 
entral research department 

transterred to the staff labora 

tori engineering group in 1953 Mi 
Cahill, who joined the company in 
1948 as an engineer in the new products 
laboratory, was most recently Supervisor 
of design engineering for the electrical 


igineering group 


s head ot a new development pre 
gram, Illinois Tool Works has selected 
O. Jules Poupitch, a member of its re 
search and product development divi 
sion. Mr. Poupitch has been named 
product) development consultant for 
the company’s two fastener divisions 
the recently established Fastex and the 
older Shakeproot divisions 


New chief engineer = at the Vapor 
Heating Corp., Chicago, is Gerald T. 
Mitchell, who will be in charge of the 
company's staff of research and pro 
duction engineers. Included in the com- 
pany products are mercury contact 
thermostats and electronic temperature 
controls, Mr. Mitchell will headquarter 
in the company’s main plant in Chicago, 
where the firm has a large research 


facility 


Manager of the newly formed Jupiter 
Division of the Burroughs Corp.’s Re 
search Activity in Paoli, Pa., is Edward 
Lohse, who has been appointed its 
manager. Mr. Lohse who joined the 


Research Activity as a department 





/o AVOID CORROSION 0/ 


sealed-in switch contacts 


.., take a closer look at Na 1552 


This versatile phenolic inthe Durezfamily mol Its low gravity and fast cure offer 


solves the problem ot sealed-in contacts idvantayes in low production cost and it 


when you are designing and molding elec meets the requirements of mulitary specifica 
trical equipment Being ammonia-tree, it is tion Mil-P-14D type ¢ KG 


a safeguard of dependable performance and Where can you use It most profitably 


in the product you make and sell? Very likely 


have jobs in the vorks night now that 


will not corrode silver or other metals and 
their alloys. Its electrical characteristics, 
strength, and molding properties have 
made it a standard for many applications 


in this field 


Durez | ’§ would make more salable or 
wre serviceable, or both. Make sure you have 


specificanions on this molding compound 


Durez 16628 is suitable for compression, with details on its performance see your 


transfer, and automatic preforming and molder or write us for data 


Phenolic Plastics that fit the job m4: 
DUREZ PLASTICS Division Hew 


HOOKER ELECTROCHEMICAL COMPANY 
1305 WALCK ROAD, NORTH TONAWANDA, WN. Y. 


» BACK COVEF 





you can get this 
aU La 
Ta CL 


zinc die castings! 


No electroplating --no 
mechanical finishing! 


PART AS CAST 


WEW 
TIRIDITE) (Cast-Zinc-Brite) 


brightens zine die castings by chemical 


TREATED WITH NEW IRIDITE 


polishing, protects against corrosion 


NOW, FOR THE FIRST TIME you can get a brilliant, decorative finish 
directly on zine die-cast parts... without mechanical finishing, with 
out electroplating! ‘The luster is provided by the chemical polishing 
action of new Iridite (Cast-Zine-Brite) solution. K.ven surface blem 
ishes, such as cold shuts, are brightened by this new process. No 
electrolysis. No special equipment. No specially trained personnel 
Just a simple chemical dip for a few seconds and the job is done 


And, this new Iridite has been tested and proved in production 


CORROSION RESISTANCE, TOO! New Iridite (Cast-Zinc-Brite) provides 
exceptional corrosion resistance for bright-type chromate finishes 
ilso guards against blueing or darkening by eliminating zinc plate 


formerly required in bright chromate finishing of zine die castings 


AS A BASE FOR ELECTROPLATING—l.ower mechanical finishing costs are 
possible where plated finishes are required since the brightness pro 


vided by this new Iridite may be sufficient 


LET US SHOW YOU what Iridite (Cast-Zinc-Brite) can do for you. Send us at 
least a half-dozen typical zinc die-cast parts for FREE PROCESSING for your 
own tests and evaluation. Or, for immediate information, call in your Iridite 
Field Engineer. He's listed under "Plating Supplies” in your classified ‘phone 
book. IMPORTANT: when you give us samples for test processing, please be 
sure to identify the alloy used. 


Wit Researcn Prooucts 


INCORPORATED 


4004 06 £ MONUMENT STREET © BALTIMORE 5 MD 


manager in 1955, will be responsible for 
the development of a larger digital 
computer for inclusion in a Weapons 


System 


New director of engineering at The 
Astatic Corp. of Conneaut, Ohio is 
Fred Gluck formerly chief engineer of 
Fada Radio & Electric Co. While at 
Fada, Mr. Gluck was responsible for 
all engineering activities involved in 
the design and manufacture of TV and 
radio receivers, as well as with that 
company’s extensive military electronics 


program 


The Burroughs Corp. has appointed 
Thomas M. Butler to the new post of 
director of engineering for the corpora- 
tion, with responsibility for the ad- 
ministration of all engineering fune- 
tions at the home office in Detroit. In 
addition he will be responsible for 
functional engineering coordination of 
product engineering in all divisions and 
subsidiaries. With the corporation for 
37 years, Mr. Butler was advanced in 
1945 to chief development engineering, 


the post he leaves to become director. 


R. G. Drager has been named chief 
engineer for York-Gillespie Manufac- 
turing Co., Pittsburgh, Pa., builder of 
special automatic and semi-automatic 
machinery, materials-handling equip- 
ment and related products. Mr. Drager 
will be in charge of designing all new 


machinery de veloped by the company. 


Company 


Briefs 


Fenwal Inc. has established a new 
division, called the Fenwal Electronics, 
that will specialize in the manufacture 
of thermistors. The company, which has 
i cross-licensing arrangement with 
Western Electric, will produce thermis 
tors in bead, dise, washer and rod 


form, as well as indirectly heated units 


\equisition of Resin Industries, Santa 
Barbara, Calif., has been announced 
by the Borden Co., New York. The ac 
quisition includes the: onsolidated activi- 
ties of Resin Industries, Resinite Sales 
Corp. and Grant Chemical Co., all of 
Santa Barbara. Grant Chemical manu- 


factures molding compounds and vinyl 
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Make a real cost comparison. Add up the cost of the fuse, fuse holder, 
power switch, wire; possibly a pilot light .. . and add in the labor. 

A circuit breaker usually eliminates all this equipment plus the 
labor to install it. 


Then add your service expenses ... when a blown fuse is replaced 


by a fuse of the wrong rating. 


Total your figures .. . you'll find that the cost of a complete fuse 
installation parallels that of a circuit breaker. But in terms of superior 
protection for your product—and your reputation—you’ll find a 

final cost advantage in the circuit breaker. 


A Heinemann circuit breaker makes the right current rating an integral 
part of your equipment. What’s more, you get Heinemann’s dependable 
hydraulic-magnetic operation . . . with incredibly fast short circuit 
interruption, and a current rating that’s never affected by 

ambient temperature. 


If you’re interested in cutting costs, send for a copy of the 
HEINEMANN CIRCUIT BREAKER ENGINEERING GUIDE, Bulletin 201 


Heinemann Type AM Circuit 
Breaker is available in odd or 
fractional ratings, instantane 
Ous trip or a selection of time 
delay characteristics 


ELECTRIC COMPANY 
99 Plum Street, Trenton 2, N. J. 
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compounds for specialized extrusions 


Get smoother. ee Resin Industries manufactures indus- 


trial vinyl insulation sleeving and tub- 


tighter windings ing, as well as other products. The new 
. hy Acquisition will be ope rated as a wholly 
wit new owned subsidiary ot Borden 


ELECTRO BI-GLAS adil: setievea a 


research and development activities 
Withstands high ambients which exclude Jack G Heintz, Inc., Cleveland has pur 
use of bias varnished cambric chased tw ! in Bedford Heights 


company has been 
SPECIAL INSULATION FOR ELECTRONIC APPLICATIONS 


SiL-THIN { SIL-THIN-BESTOS—Extra +h hick ‘ me | ! igreements The 

a 2 I ‘ of whi ha been operated 
STICK-GLASS a a de 
ucking is a medium-volume production facility 
ELECTRONIC BOARD—Heat activate ‘ vill be itilized a in integrated research 
Kraft Paper 

i evelopm t center that will be 

SIL-GLAS—Cle a : ind ad lopmen ente i 
ELASTOMERIC FIBERGLAS— Highly water repelle staffed to engineer complex electric 


ACTO-GLAS W f o ) mpr 
ee he Se craft and missile 


tem especially for advanced att 


General Electric Co.'s Lamp Division 
will build an advanced lamp develop 
ment laboratory at Nela Park, Cleve 
land, at a cost estimated between 4 
ind 5 million dollars. Ground will be 
broken for this structure this summer 
vith completion ‘ K pected late in IY 


(Containing ipproximately 100,000 sq 
tl ' Loot 
Nutley 10, New Jersey ft. the three-story building will be de 
DIVISIONS OF SUN CHEMICAL CORPORATION voted to fundamental and applied re 
HORN - HUDSON + WILLEY (paints, maint e and construction materials, industria Wines) ° 
WARWICK (textile and industrial cher ’ * WARWICK WAX (refiner f specialty waxes) « RUTHER : 
FORD (lithographic equipment) * SUN SUPPLY (lithograp! pplies) + GENERAL PRINTING INK (Sigmund prove old and discover new methods 
jily fu & Lang + Eagle + American + Kelly + Che al ¢ r & Supply ink * MORRILL (new ’ livh Orl \ lig 
* ELECTRO-TECHNICAL PRODUCTS (coatings and plastics) + PIGMENTS DIVISION (pigments for paint lor producing light ther investiga 


tion tlso ill be indertaken it the 


earch in advanced engineering to im 


eulit Lhe laborator will work 


product departments ol the 


Let Hevi Duty 


Globe Industries, Inc. |; ompleted 
Help You Choose 


the first phase of a $250,000 expansion 


program the construction of a 16.000 


THE RIGHT f if ‘J iddition to its main plant it 1784 
x na ' $ \ ‘ tor Odie | cre ses 
SPECIALTY “cl 


(looky ran clion area b 0) per cent 


TRANSFORMER . ’ Ihe compan produc er of custom built 


tininiature motors for aireralt and ele 


Phu sutotran with a built-in ther 
This is just a small former is used for duc ; circuit’ breaker for its engineering and production facilities 
ed oltay tarting of 


sample of the broad chronous and induction 


trom equipment plar lo con olidate 


erload protection hi under the one roof The company’s 
compact unit ive ilu 

| newly formed commercial aireratt divi 
cent tap ure normall il 


loot 
transformers built by provided. ‘Terminals ma id 
. be mounted on tt coil o Pytietel ing 
Hevi Duty Electric el. 


lead 
Company. ‘They are 


motor ’ ‘ md SO per 


line of specialty 


o will occupy part of the new 


The American Phenolic Corp. has an 
available in all sizes 
nouced it ene into a new component 


with any des ired pri manttacturimng the ld COMpressilon-se iled 


mary or secondary hermetic seal headers. The new product 


voltages or frequen line “parate manulacturing facili 


cies. All are designed . tie ns and other equipment 
to meet or exceed . designed by the company The new 
NEMA standards Pype SIO, 10 VA headers now available represent the 


primary 110/220 \ beginning of what is expected to be a 
Low-voltage pilot light CONTROL WINDING Oo 
transformers up to 600 \ lary olt j ame ve listing of tandard and special 
primar VA 
FILAMENT WINDING 


la ‘ 


VA 


The Aerophysics Development Corp. 

w toe tell wholly owned subsidiary of Studebaker- 
rite for bulletins 

511). 490 ee lt me pier enrerscer erin HEVieDUTY Saeed “ar ; Packard Corp., has broken ground on 


or send us your 
requirements 


DRY TYPE TRANSFORMERS — CONSTANT CURRENT REG ons i 1O4-acre site in Santa Barbara, Calif 
MILWAUKEE 1, WISCONSIN 1 $1.300.000 facilities expansion 





A Timely Word to Drafting Department Heads... 


NOW" Is the Time to Get Your New 
Modern Bruning Copyflex Machine! 


* Because you'll need greater print- 
making capacity to meet the push 
for 


more drafting room output! 


a Because your old reproduc- 
tion unit can’t keep pace 


with increased demands! 


* Because, with management's 
desire for greater production, 
you can get top level approval 


for new equipment! 


You Need It! The boom in production means more 
pressure than ever for engineering prints. Modern Copy 
flex will help you deliver them! New, better-than-ever 
models bring you faster reproduction speed and a host 
of operator conveniences to step up production 


You Want It, Surely! Take this opportunity to replace 
that old, inadequate unit with efficient, trouble-free Copy 
flex 


ment, no installation other than an electrical connection 


no exhaust venting, no plumbing or auxiliary equip 


You Can Get It! Chances are that 
others, 


your firm, like most 
is gearing up for greater than-ever production 
You couldn’t pick a better time to include new, higher 
production equipment in your program. There’s a 
improved Copyflex model to 
production requirement. Mail 


new 
sult every 
today 


price and 


coupon You'll be 


glad you did! 


Three Other 
New, Improved 
Copyflex 
Models 


Model 250. Newest and finest of 
ts size. Takes less thanasq. yd. of 
floor space. Upto25f pm 

18'A”" g width 
matic stacking and 


BRUNING 
Copyth 


Specialists in Copying Since 1897 


speed 
Auto 


eporation 


print 


Best Process! Best Machines! 


Best Selection of Materials! 


CHARLES BRUNING COMPANY, INC., 4700 Montrose Ave., Chicago 41, Illinois 


in Canada: Charles Bruning Company (Canada) Ltd., 105 Church St., Toronto 1, Ont 


READER INOLII 


a 


A? 


4 


et 


NEW COPYFLEX MODEL 500 


A new, ultra-fast, heavy-volume machine offering 
top mechanical speed of 40 f.p.m., automatic 
separation, front or rear delivery, automatic 


stacking, and a host of other advanced features 


_——_— 
Model 100. The helper your big 

30 f pm mechanical speed = moet 

a full 46-inch printer “ rings 


heavy volun 


ne needs. Makes up to 300 
of one of many different 
@ reproductior x 1)" originals 


s than 


perhour a] 


a thrifty yw price 1¢ each tor materials 


Charles Bruning Company, inc., Dept. 53-L 
4700 Montrose Ave., Chicago 41, Illinois 


Please send me information on Copyflex process and 


Model 250 Model 35 Model 100 


Model 500 


Nome 
Company 
Address 


City ne 
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Electronics Test Cage 


Injection Molding 


oT ae 


Fluorocarbon Machining 


Ve amp 


now-how’’ 


The United States Gasket Com- 
pany is the recognized leader in 
the fabrication and application of 
the ‘‘Wonder Plastics’, duPont 
TEFLON, Kellogg KEL-F and 
BAKELITE Fluorothene—lead- 
ership earned through many years 
of pioneering 


Today, this company offers engi- 
neering and manufacturing talent 
and facilities unmatched in the 
industry to assist its customers in 
the profitable application of Flu- 
orocarbon Products for almost 


countless purposes 


To render this service, three highly 
specialized laboratories are main 
tained—electronic, chemical and 
physical—staffed by engineers 
who continue to produce most of 
the advanced ideas and practices 
in the application of these plastics 
to commercial, A.E.C. and mili- 
tary requirements 


Manufacture is Quality Con- 
trolled, utilizing the most modern 
facilities for rapid, low cost pro- 
duction. Many machines and 
equipment have been designed or 
converted by our own engineer- 
ing department to the peculiar 
requirements of Fluorocarbon 
Plastic Fabrication 


® Write for the twenty-page bro- 
chure “Inside U.S. G.”’ that sug- 
gests how this organization can fit 
into your development and pro- 
duction program 


UNITED STATES GASKET CO. 


CAMDEN 1, NEW JERSEY 


program. Construction of a 06,000 sq-it 
engineering building and a 44,000 sq-tt 
research center is expected to be com 
pleted this coming September. The 
Studebaker-Packard subsidiary is en 
gaged in research and development 
work for the irmed forces and the 


Atomic Energy Commission 


Construction of a new plant at Con 
cord, N. H., for the manufacture of 
surface-barrier transistors has been 
innounced by the Sprague Electric Co., 
North Adams, Mass. The new building 
will occupy 20,000 sq ft of space, with 
production expected to be well under 
way by fall 1956. Temporary manufac 
turing quarters in Concord will prob 
ably be utilized by Sprague beginning 
thi pring, while the new plant is 
being built. Sprague was recently 
licensed to produce the surface barrier 
transistors under Phileo patents 


Completion of the new multimillion 
dollar electronics plant that the West- 
inghouse Electric Corp. is erecting ad 
jacent to its Air Arm Division plant i 
Baltimore, Md., is scheduled for com 
pletion by July of this year. The new 
facility will provide 210,000 sq ft of 
floor space for the manufacture of 
radar, fire control and missile guidance 
-ystems. Engineering laboratories and 
administrative offices will occupy ar 
additional 140,000 sq ft 


Erie Resistor Corp., Krie, Pa. has |i 
censed the Jeffers Div., Speer Carbon Co 
to manufacture Erie’s packaged as 
sembly circuit, known as Pac, under 
license agreement. In the Pac system 
pretested tubular ceramic capacitor and 
resistor elements of uniform size are 
grouped into a unitized modular pack 
age for quick installation in a printed 


circuit: board 


Construction of a research and de 
velopment laboratory in East Chicago 
Indiana has been announced by the 
Plastics Division of General American 
Transportation Corp., large producer of 
molded parts. The laboratory, which 
will cover an area of approximately 
8000 sq-ft will be located at 300 Ek. 5] 
st adjacent to the present Plastics 
Division plant. Occupaney: about Jul 
1 of this year 


Hycor Division of International Resis- 
tance Co. has opened its new plant at 
12970 Bradley Ave., Sylmar 1, Calif 
The Division produces audio compo 
nents and equipment, electrical compo 
nents for industrial control, and guid 


ance and telemetering equipment 


The W. L. Maxson Corp., New York 
has acquired substantial interest iy 
Roger White Electron Devices, Inc 
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Ramsey, N. J., which specializes in 
the development and production of 


reyes Rubb, traveling-wave amplifier tubes, micro- 
Pra eo) wave gas tubes, backward-wave oscil- 


lators, and related products. 


4O~ Albany Products Co., Inc. So. Norwalk, 
oe * Conn., has been founded by Jerome 
im Kapner, Edith Cameron and James 
Hinde, all long active in the stainless 
fastener field. The new company will 
supply headed, machined and forged 
fasteners fabricated of corrosion and 
heat-resistant alloys, including stainless 
steels, Monel, titanium and the super 
alloys. 


Headquarters of the GE Plastics De- 
partment has moved from Pitts 
field to the Department’s Decatur, IL, 
manufacturing plant. Decatur was se- 
lected because of its proximity to 
major markets for molded plastics as 
well as for the fact that it is the site of 
the company’s largest plastics molding 
operation 


To develop and produce transistors 


EXTRUDED and other semiconductor devices, Beck- 
man Instruments, Inc. has established 
the Shockley Semiconductor Laboratory, 
temporarily quartered in Mountain 
View, Calif. The facility will move into 


the new research and development cen- 


aH. > 3 ) All F Wi . ter Beckman is building in Stanford 
as em our ays Industrial Park for its Spinco Division 


and the Shockley laboratory, for which 


the completion date is August. The new 
‘ ° > = 
Every customer has a right to his synthetic rubber laboratory will be headed up by Dr. 


parts the way he wants them. Shockley. 
‘The more complicated the requirements, the easier 
for our engineers at Acadia to go to work. Our long 
experience guides us in giving you exactly the char- sensitive industrial tape and other prod- 
acteristics you desire. We process synthetic com- ucts will be erected by The Kendall Co. 
ponents, for oil-resistance, good aging properties, on a 76-acre site in Franklin, Ky. The 
strength, compression-deflection, or any combination initial unit will provide 35,000 sq ft 
- of floor space, more than tripling pres- 

you specify. 
And if you require resistance to heat or cold, 
remember Acadia SILICONE rubber stays resilient 
at 100° below zero or 500° above. Silicone is molded The Circon Component Co., 17544 


or extruded for gaskets, seals, ‘“‘“O”’ rings, washers, Raymer St., Northridge, Calif. has 
moved its manufacturing facilities and 


A new million dollar plant for manu- 
facturing its line of Polyken pressure 


ent production capacity for these prod 
ucts, 


sheets, cut-parts and packings. general offices to expanded quarters at 
the Santa Barbara Municipal Airport, 
area. A letter will put him in touch with you. Goleta, Calif. 


There is an Acadia Sales Engineer serving your 
£ 5 } 


The Mercoid Corp., Chicago, has estab- 


ACADIA ° 
lished a new industrial controls divi- 
yt sion, with Paul J. Provost serving as 


PRODUCTS manages 


DIVISION OF WESTERN FELT WORKS American Cyanamid Co., New York, 
4021-4139 West Ogden Avenue, Chicago 23, Illinois has acquired the business and assets 
Branch Offices in Principal Cities of The Formica Co., major produc er 

of plastics laminates. A new wholly 

owned Cyanamid subsidiary, Formica 

Corp., has been formed that will operate 


MANUFACTURERS AND CUTTERS OF WOOL FELT under present Formica management. 


{ product development committee from 
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DS, PRECEDING BACK 


rns 1s CY RPAK 


for more flexible industrial control 


In the flexibility of CyPAK* lies the challenge to throw out me- 
chanical relay limitations and simplify control for more auto- 
mated production. 

kor example, CYPAK systems employ just four different com- 
ponent panels. They provide, in the most practical form, the four 
basic logic functions of computer science, With infinite combina 
tions of these panels you can direct, lar more simply, a greater 
range ol equipment operations. 

Jecause the magnetic ‘“‘make and break” of CYPAK circuits has 
no moving parts, It | e times faster than mechanical relays. 
It’s the basic reason for Cypak flexibility in handling control 
signals. 

In addition, CYPAK ems are designed for ph cal flexibility. 
A common power channel is the backbone of each system. Into 
it CYPAK elements are plugged in, locked in, and signal terminals 
joined, In this manner, the tem 1s easily expanded or replace- 
ments made after installation 

Look into all the new opportunities in CyrpaK 


by Calling your ‘Sling Nnouse aies enyineer 
f The Whys and 

184. We tingnouse 

nter, P. O. Bo 

J-O1005 


WATCH WESTINGHOUSE 


WHERE THE FUTURE /S ALREADY IN PRODUCTION! 


$17 





Important! 
Specify TEFLON 
by its 
properties! 


TEFLON can provide extraordinary physical, electrical, 
and chemical properties, but these properties cannot be 
taken for granted. 

The method used to convert Teflon powder into fin- 
ished rods, sheets, and tubes greatly affects the quality 
obtained. This quality, in turn, governs the properties of 
the end product. 

So to assure performance, actually specify not only 
Teflon but also the important properties required. 

Two grades of Fluoroflex-T deliver the optimum prop- 
erties you specify for Teflon. 


(1) “Electrical grade” Fluoroflex-T is certified to con- 
form to all important electrical and physical proper- 
ties. It meets the most critical requirements. 

(2) A more economical “mechanical grade” satisfies all 
chemical and thermal needs and offers up to 50% 
greater resistance to elongation under mechanical 
loads. 

Both grades are produced under exacting quality con- 
trol standards and are stress relieved to insure that ma- 
chined parts are dimensionally stable. 


Send for data or better still tell us what specific 
properties are important for your application. 


® Teflon is a DuPont trademark. Fluoroflex is a Resistoflex trademark 


RESISTOFLEX 


CORPORATION * Roseland, N.J. Western Plant: Burbank, Calif. 


Werehousing Distributors: Western Fibrous Glass Products, Los Angeles, Calif; F. B. Wright 
Co., Detroit, Mich.; Colonial Kolonite Co., Chicago, tll.; Industrial Safety Supply Co., Hart- 
ford, Conn.; Lone Star Rubber Co., Houston, Tex.; Flow Products, Inc., Chicago, III. 


Formica and Cyanamid has been ap- 
pointed to explore new product possi- 
bilities. 


Peter Muller-Munk Associates, Pitts- 
burgh Industrial Design office, has an- 
nounced that Ernst Budke, III and 
Robert J. Renaud have become associ- 
ates in the firm. The two men have long 
been associated with the planning and 
supervision of product-design develop- 
ment for major clients of the company, 
including Westinghouse, Bell & Howell, 
and others. 


The Grip Nut Co., large manufacturer 
of lock nuts, has moved its Chicago 
sales offices to new and larger quarters 


in the main plant at South Whitley, 
Ind. 


Barry Controls Inc., Watertown, Mass., 
has arranged to purchase all physical 
assets of the United States Sheet Metal 
Products Co., Burbank, Calif. The a 
quisition was made to establish a West 
Coast division for the design and pro- 
duction of Barry shock and vibration 
mountings for aircraft and missiles. 
The new plant will operate as the West- 
ern Division of Barry Controls Ine., 
with the company’s present West Coast 
engineering office in Los Angeles being 
moved into the new division’s engineer 


ing section. 


‘“Hybrid”’ 


Synchronous-Induction Motor 


Continued Jrom page 147) 


ficiency, power factor, speed and line 
current for a 14%4-hp and a 10-hp motor. 
Note that the 114-hp, 2-pole motor has 
a full-load power factor of 73 per cent. 
hese curves show performance both in 
the constant speed operating range ( be- 
low pull-out) as well as beyond the 
pull-out point when the motor operates 
on induction torque. The transition be- 
tween these two regions is the pull-out 
point. The transition is very abrupt and 
is easily noticeable. As the pull-out 
point is passed, the motor abruptly be- 
comes noisy, and meter readings 
fluctuate, 

Table II illustrates comparative per- 
formance characteristics for typical 20- 
hp motors of various constructions. 
(These relationships vary considerably 
at other horsepower ratings.) The start- 
ing torque and current of Synduction 
motors generally are greater than that 
of induction motors but less than that 
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TAKES less space... because 
it’s the new FLAT-Type Motor 


GIVES more service ... 
because it’s a 


FOR SIZE AND WEIGHT, COMPARE THE 
NEW FLAT-TYPE WITH STANDARD MOTORS 


OVERALL LENGTH (Inches) 


Flat- 
Type 


FRAME SIZE 


_—— ———— o— 


Flat- 
Type 


Standard Standard 


+ 


| 


DIF 182 DIF 180 


+ 


146 10% 


DIF 220 


> 


DIF 280 


DIF 213 176 


| 26 


DIF 284U | 


The unique and perfect answer in integral 
the 


industries 


motors—designed especially for ma 
tool 


Packs full horsepower 


chine and equipment 


in less space 
ictually up to 48% shorter than standard 
motors without sacrifice in performance 
Many pounds lighter, too, than conven 
50% ), 


meaning vastly reduced over-hung weight 


tional motors (over! in some cases 


Standard radial construction, easy to dis 


assemble and reassemble ... no precision 


Electrical Division of THE $ 


APPROXIMATE 
NET WEIGHT (Lbs.) 


alignments or complicated 


with 


air-gap adjust 


ments to contend Totally-enclosed 


. no dirt, dust 
ailable 
H.P., 
20 H.P. 
Perhaps 
what 


or moisture can get in 


to 
to 


Av 


2 
) 


(non-ventilated) in ratings 


and (fan-cooled) in ratings 
Diehl 
you need to 


Give 


ubmit 


the Motor 
your applica 

details 
recommendations 


Bulletin EM -3461 


Flat Type is 
oly 


t 


just 


e 


} 


tion problems rie 
ve'll be glad to 
As} 


K 


u and 


for your copy of 


INGER MANUFACTURING COMPANY 


Finderne Plant, SOMERVILLE, NEW JERSEY 


ATLANTA . BALTIMORE CHARLOTTE, N.C CHICAGO CINCINNATI 


PRECEI CK COVER 


DETROIT Mil WAUKEE NEEDHAM, MASS NEW YORK PHILADELPHIA PITTSeURGH 


419 





of conventional reluctance motors. Full- 
load efficiency is close to that of a 
similarly rated squirrel-cage motor 
Under certain conditions the Synduc- 
tion motor may take the same frame 
size as an induction motor of the same 
horsepower and synchronous speed. In 
most cases one frame size larger may be 
required, but the frame size will still 
be smaller than for an equivalent re 
luctance motor rating. 

Application. Synduction motors have 
been designed to operate over a wide 
frequency and speed range. Some de 
signs will operate at frequencies of 300 
evyeles, with speeds in excess of 10,000 


rpm; others will operate at frequen les 
Rated for 
50 HP 220 volt 7 Svnduction motor is designed to be used 
100 HP 440 | 


as low as 10 eycles. In general, the 


in applications from fractional to 40 
hyp where 
1. The motor must operate at a 
stant, unvarving speed 
Sn > 
safeld 4 Several motors must operate at a 
eT) 
fixed ratio of speed -one to the other 
> Speed ofa motor or i eries oft 
tage Magnet Coil motors, must be adjustable over a speed 
range, with minimum variation at any 
speed setting 


All Contacts Are Ea y To Following are some tpoprdic ation 
Replace. No Wires To 


where the Synduction motor is now in 
Remove 


use or under consideration 
(Automatic food-processing machinery 
one such machine requires a high 


ee a a , speed meat-slicing machine to complete 
Ope n Position Wher Re . 4 ‘ its 


operation in a fixed time to co 
set Button Is Operated 


ordinate with succeeding operation 
Porque requirements vary with the size 
of the meat, and would affect the length 
Switchlets Easily Attaches of the duty eyele if induction motors 
RPE IT Ts RB RATER } were used, Synduction motors complete 
the evele in the required time over a 
wide torque range 
Synthetic fiber winding machine 
several motors on one machine ire re 
quired to keep constant speed ratio 
COMPACT—STANDARD DESIGN—DUAL PURPOSE Se 
iooor i speed range. Svnduction motor 
drive supported b rials 
quency set fulfill the 
Other application 


Years of engineering and field testing are built into the Furnas 
Plectric size 4 magnetic starter. Compare these features; COM- 
PACT The new size 4 starter is only slightly larger than the ia 
iz STANDARDIZED DESIGN—Non-current carrying ele- 


pack iin 
ments such as magnet assembly, arc box, cross arm, mounting plate 
. . priate vla 
ind the like cre interchangeable with the size 3. This standard- 
vation has been made without COMProMising on life because larger 
contact and other current carrying parts provide the increased 
CAPACily DUAL PURPOSI Reconnectable dual voltage coils, 


A singh inter stocked with its coil connected for 220 volts can 





bye quickly ind casily reconnected for 440 volts. Coil changing is 
climinated and stocking of starters and coils simplified 

Write for Bulletin 5604, Furnas Electric Company, 1024 McKee 
Street, Batavia, Hlinots 


fy 
“se New components and Materials 
i I 

(ee 


; Literature for the Design Engineer 
«| » FURNAS ELECTRIC COMPANY 


‘ Feature Article Reprints 
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10 Waldes Truarc rings speed assembly— 
Eliminate parts and machining in precision control 


Kahn Rotary Speed Control 

Kahn and Company, Inc., of Hartford, Conn., use a total of 10 
Waldes Truarc Retaining Rings in this new mechanical-electric 
translator for automatic control of rotary speed. Truarc rings 
act as positioners and retainers to eliminate parts, simplify 
operations, save labor, and speed assembly. 


Rotor Installation. In the old way, ball bearing wos retained 


by a threaded shoulder and threaded bearing cup retainer 


Flyweight Assembly. Formerly, 2 holes had to be drilled in 
each of the 4 pivots, and 8 cotter pins were required 
New way, using two Truarc Rings (Series 5100 and 5000) elim 


The new way, using 8 Truarc E Rings (Series 5133 
inates 4 threading operations 


replaces holes 
bearing shoulder and threaded 


with grooves, reduces pivot size leaves no projecting parts Rings 
bearing cup. Assembly is quicker and easier, two ounces lighter 


snap into place, speed assembly time by three minutes per unit 


Whatever you make, there’s a Waldes Truarc Retaining Ring 


sizes within a type 5 
designed to improve your product 


netal specifications and 14 different 
finishes. Truarc rings are available from 90 stocking 
throughout the U. S. A. and Canada 


to save you material, 
machining and labor costs. They're quick and easy to assemble 


and disassemble, and they do a better job of holding parts 
together. Truar« 


points 


More than 30 engineering-minded factory representative 
700 field men are available 


prints today 


> and 
rings are precision er gineered and precision 


made, quality controlled from raw material to finished ring 


36 functionally different types...as many as 97 different 


to you on call. Send us your blue 
let our Truarc engineers help you solve design, 
assembly and production problems without obligation 


For precision internal grooving and undercutting Watides Truarc Grooving Tool! 
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a hl hd Macha ih heheh Waldes Kohinoor, inc., 47-16 Austel Place, t. 1. C. 1,6. ¥. 


WALDES 


Please send the new supplement No. | which 
brings Truarc Catalog RR 9-52 up to date. 


(Please print) 


Name 


Company 


Business Address 


City Zone State Z 
RETAINING RINGS EM 608 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U. S 
2,411,761, 2,416,852; 2,420,921; 2.428.341; 2.439.785, 2,441,846; 2.455.165; 2,483,379, 2,483,380; 2,483,383 
2,544,631, 2.546.616; 2,547,263, 2.558.704, 2,574,034, 2,577,319; 2,595,787, and other U. S. Patents pending 


| 

| 

| 

| 

Title ‘ | 
| 

| 

| 

| 

a 


Patents: 2,382,948, 2,411,426, 
2,487,802; 2,487,803; 2,491,306; 2.491.310. 2,509,081 


Equal patent protection established in foreign countries 


$2] 





MERCOID 
PRESSURE « TEMPERATURE 


CONTROLS 


ENGINEERED FOR SEVERE 
OPERATING CONDITIONS 


Series "' 
Only Mercoid Offers 


@ HERMETICALLY SEALED 
CONTACT 
Always dependable 


whether if oper 
ates once per yeor or several times 
per minute. It remains operative at 
all times because dust, dirt, grease 
or moisture cannot contaminate the 
contacting elements. There can be no 
sticking or welding of the contact 


points 


@ OUTSIDE ADJUSTMENTS 


Independent outside adjustments are 
provided for setting both the cut-in 
and cut-out points. Differential may 
be widened as desired No tools are 


required 


@ VISIBLE CALIBRATED DIAL 


No guesswork or calculations are 


required the pointers indicate on an 


accurately calibrated dial, the exact 


operating pressures or temperature 


@ VISIBLE OPERATION 


You can tell at a glance whether 


switch circuit is on or off 


@ BOURDON TUBE OPERATED 


UNDERWRITERS’ 
APPROVED 
All operating ranges 
for Series DA-21 
DA-35 and DA-55 


Available for general use, outdoor 


use or hazardous locations 


WRITE FOR 
BULLETIN 4B 


THE MERCOID CORPORATION 
4211Belmont Ave., Chicago41, Ill. 


Abstract and Comment 


NAM Examines Causes of Engineer Shortages 


National Association 
dealing with the 
yinee! ind cientist int 
vere ummarized at a recent 
NAM by Robert ¢ 
iri va i Klectric Co 


\dan 


neering Sprague 


\ 
Vortl 


found that in l9Yoo there 
opening n madusts lor oie 


(000 screntist 


ind enyineect but onl 


1) OOO vraduated from college during 
that eal Thi hortage | in addition 


lo estimated cumulative hortage oO 


OO) epentist ind ef meers existing 
this counts toda 
One of the mayor pomts ol attack is 
lo imecrease the econdat school en 
rollment in the sciences and in mathe- 
scrence and 


itics and to beef up the 


mathematics teaching staffs in our high 


chool At othe 


wl the teachers 


present tine im many 
in these sub- 
ject ine ot qualified tor this work 
but must assume it as an additional 
dut often without enthus 


terest 


lhe NAM ine ihadicate that sore 


ol the major cause for the declining 


enrollment of high school students in 


cence and mathemath courses are 


(,rowing teacher hortage, because 
and the decline 
Inade 


counselling. 3. Insuflierent 


of low teachers salarie 
of the prote ion prestige 
quate careel 
information to high school students o1 


the many excellent scientify ocational 


Opportiunitie i madusts 
brought 


finding that 


Thi present ituatior j 
harply inte iv the 

1955 there w }| per cent tewer 

ye graduate planning to teact 
ubyeect thar mim 1950 
reached li 
number of  higl 


‘ limbed 


ential that a larger 


chool 
ill-time high wa 
meantime the 
oo] tudent ha rapidly 
that if 
number rraduate prepare 
lor ai ‘ rolessiol than in 
190 


At the 


mittee on Re earch 


meeting ot tthe N AM Crom 
Frank Kovac, of 
the Standard Oi) Con pan of Ohio 
presented a paper on how industry can 
increase remuneration for the teacher 
The average salary for teachers is now 

2 The economi 


ie ibout the same as 


status of the 


thal | thie ivetaye lerical ile» 


killed and semi-skilled worker Lhe 
ye earnings of other protessiona 
emi-prolessional persons has 
from 46 to 72 per cent higher 
he lari of these groups dur 


Deaches 


lrustrating exper 


thie lust evel veal 
therelore have the 
ot 


pe img cepted i- i pore 


ap from the financial pray 


Mi vac 


tions for increasing teacher s 


summarized tits es 


“Upe 
salarie 
|. Business can aid in creating ar 
iwareness of the problem by helping 
to sell the community on its seriou 
nature. 2. More money must be mace 
available for education on a_ well 


planned long-term basis This ma 
mean using a larger share of taxes fo 
this purpose for public institutions and 
financial 


greater support of privately 


endowed institutions on the part of 


business and industry Continued 
eflorts are needed to draw industry and 


education closer together 


Improve Status of Teacher 


Charles 


(o., speaking on how industry can in 


| Sauvaue (,eneral Klectriu 


prove the status and morale of the 


teacher, pointed out that Improvement 
in the status of the teacher must come 
in both the eves of the pupil and in the 
eves of the community. He suggested six 
possible program First, for industr 
to invite the science and mathemati 


teachers to attend meetings of thei: 
professional groups. This would allow 
the teachers to explain their contribu 
lions to the community, and at the same 
time would extend their social contact 
ind increase their prestige 


The second 


have more 


ipproach would be th 


industrial leaders visit the 


schools, thus showing active interest 
ind respect tor the teachers 

The third suggestion proposed con 
ducting seminars or meetings for teacl 
ers at the local community level. Her: 
the teachers get a psych lift and de 
through thei 


velop broader horizon 


intimate contact with scientists and er: 
gineers in industr 

The fourth suggestion carried to the 
iational level ind could — be imple 
mented only by large companies « 
groups of companic = Here we ce 


MAY 1956 ELECTRICA MANUFACTUR! 





HUSA 


Industry Approved 


Accurately Controlled 


Available in Quantity 


Technical ceramics perform the most 

difficult electrical, mechanical and 

chemical jobs. Where ordinary ceramics 

won't do, Aluminas take over. They’re “Annie 

Oakleys” that do everything better—especially 

at high frequencies and temperatures or where 
mechanical wear is a problem. 


Standout among Aluminas is AlSiMag 614 — 
a proven success, industry tested. Available in 
quantity and of dependable high quality — 
stays uniform from piece to piece and lot to lot. 


PLANTWIDE VACATION 
First two Weeks of July 


55TH YEAR 
OF CERAMIC 
LEADERSHIP 


CORPORATION 


Branch offices in these cities (see your local telephone directory): Cambridge, Mass. * Chicago, |!! 
Indianapolis, Ind. * Los Angeles, Calif. * Newark, N. J. * Philadelphia, Pa. * St. Louis, Mo. * South Sen Francisco, Calif 


If AlSiMag 614 isn’t right for your job, choose 
from a complete range of special characteristic 
Aluminas. As in regular ceramics, AlSiMag has 
the widest choice available from any source. 


Custom formulations for unusual requirements. 


Large scale production facilities devoted 
exclusively to Aluminas . . . from raw 
material to high temperature, continuous 
. are ready to serve you NOW. 


Standard or custom high temperature 


firing . . 


metalizing also available. 


Buy Alumina ceramics from this dependable source, Send biveprint or sketch 


for complete details. NEW Bulletin 562 on Alumina ceramics sent on request. 


CHATTANOOGA 5, TENNESSEE 
A Subsidiary of 
Minnesota Mining and Manufacturing Company 


* Cleveland, Ohio * Dallas-Houston, Texas * 
* Syracuse, N.Y. * Tulsa, 


Okla. Canada: Irvington Varnish & Insulator Div., Minnesota Mining & Mfg. of Canada, ttd., P. O. Box 757, London, Ontario, AN other export: 
Minnesota Mining & Mfg. Co., International Division, 99 Park Ave., New York, N. Y. 





(W) westinGHouse 


Soot, baw 1507 


BRILLIANT COLOR-ANODIZED AND 
ETCHED, PRESSURE SENSITIVE 
ALUMINUM FOIL NAMEPLATES 


Tamp rata Permanently Adhere to Irregular 
- Surfaces Without Fasteners 


ACOn aw PP let 

1665 FRIED 100 

(66S Scammed 10 

fism Pato um Designed for use on any crinkle, curved, painted or 

Geioo Canis 390 

WAMEUEES CHOPS D150 
jseae 400 

MEAT mate 210 250 

rorcoes 390 No rivets, screws or escutcheon pins ... no holes to 

potators (aD 370 drill 

UPSIOL DOWN Cant 250 

AIM DISHES SEL 8008 


uneven surface. 


ware 160 Bonding action achieved with or without heat. 
Semen 210.250 


ow 200 


— rd ; Choose from dozens of designs and colors . . . matte 


or glossy finish. 


GENERAL Suitable for automatic, high-speed application. 
ELECTRIC 


Unlimited shelf life . . . bonding material remains 
© Resists wide temperature variations and abrasion. 
alia ee : 


Ideal for nameplates, trade marks, product identifica- 


tion, dials and instruction plates, schematic drawings. 


Visit our Booth 1001 at the Design Engineering Show 


Wovnh Shore 


NAMEPLATE INC. 
matted Sy 214-27 Northern Boulevard * Bayside 61, New York 
(Si BAyside 4-4000 


AMPLIFIER: THERMOMETER 


_pecco-weat | BRANIFF-12 VOLT 


Pi Ammand (ontred 


groups of high school teachers receiving 
fellowships for science summer work 
in colleges. The company stands the 
expense. Altogether 1350 secondary 
teachers, in 24 states, have graduated 
from these science summer fellowship 
programs. G-E also places certain 
facilities and personnel at the disposal 
of the colleges for these programs. 

The fifth su 


Savage was to provide science and math 


gyestion made by Mr 


teachers of the secondary schools with 
summer employment. 

The sixth suggestion was the spon 
soring by industry of informal get 
togethers between teachers and local 
business men, particularly those with a 
scientific or engineering background 

John Wardwell of Dow Chemical 
Co.. cautioned against over-selling all 
secondary school pupils on the benefits 
of science and engineering, unless there 
is some evidence that they have the 
ibility to progress in these fields. He 
felt that the approach to the pupil 
should be through the science teacher 
ind the inspiration should come from 
him 

For some little time, Dow has taken 
science teachers into its plant during 
the summer, as a means of both giving 
the teacher financial help and to in 
spire him through a firsthand view of 
the advances in the present level of 
our industrial development. The com- 
pany adds to this summer employment 
alternate summers of post-graduate 
work in colleges, which are paid for by 
the company 

Another activity sponsored by Dow 
was an experience work shop for science 
teachers. During this six-week period 
the teachers normally spent their morn- 
ings in a classroom discussion, working 
with a professor of science from the 
State University Teacher's College; and 
the afternoons attending lectures or dis- 
cussions, taking plant trips, or working 
on individual study projects. The Dow 
company also contributes teaching aids 
and materials through its public rela 


tions de partment 


What the Sciences Can Do 
Dr. John S. Coleman of the National 


\eademy of Sciences told of some of 
the work being done by that organiza 
tion. Under their sponsorship and that 
of the American Institute of Physics, a 
conference at White Sulphur Spring 
was held from which certain recom 
mendations emanated l. Physicists 
should accept the responsibility for 
bringing up to date courses and text 
books which would more sensibly re 
flect the progress made in physics : 
Colleges and universities were en 
couraged to provide special course work 
in science that might be credited for 
professional advancement. 3. Profes- 


sional societies should assist in im prov- 





Du Pont offers new performance in a coated fabric 


RESISTS 
"FREON'* 


HIGH DIELECTRIC”) 
STRENGTH 


RESISTS 
OILS AND 
SOLVENTS 


4 
THERMALLY STABLE | 
= 


Superior electrical insulation at modest cost 
from “Lecton”” acrylic resin coated glass fabrics 


Ll veloped Sper ifically for electrical in So new it! 


still only in limited pro cost is required 
sulation use, Du Pont “Lecton” acrylic duction 


itiay pay you to in 
properti of “Lecton 
as Lape or multiple icrylic resin coated fabru 
sina wide range of thich hill out and mail the 


In addition to via fabric con ple te data on this new coated fabri if 
erants—can be used for extended period struction, “Lecton’’ is made with vari 


You re itl inufacturer of electrical equip 
up to 300° F. High humidity does not ous synthetic-fiber fabric If you need ment, we'll send you 


insulation for refrigeration application pl 


or where high performance at mode 


“Lecton” can be produced in estigate the 
resin coated glass fabrics offer superior single-ply materials 
performance at moderate cost. ‘Lecton ply laminate 


coupon for com 
resists solvents, oils and “Freon” refrig nesses 


mnple sof ingle 
iffect the dielectric properties of this ne W 


material for your ¢ iluation It 
Du Pont coated fabric 


mail the coupon today 


DU PONT INDUSTRIAL 
COATED FABRICS 


BETTER THINGS 





SELENIUM RECTIFIERS 
fitted to your application 


-_- 


SPECIALLY DESIGNED COMBINATIONS of standard UNION selenium 
rectifier cells range in size from 1%” to 4%" diameter rated from 
25 to 40.0 milliamperes per cell on a single phase full-wave 
bridge basis 


SELENIUM SLIMS” \ wting POWER RECTIFIERS 

iipiny from 1.25 ) I i ernie rane tn 

inpers and maxi im i \ ) ‘ and wit! 
oltage from 
er input 

tre 


Our engineers can help you in designing the best 
rectifier for your applications. Write for catalog 


Years 1881 ‘ 1956 


OF EQUIPMENT AND SYSTEMS ENGINEERING 


UNION SWITCH = SIGNAL 


WESTINGHOUSE AIR BRAKE COMPANY 
ee 


ing the status of science teachers } 
Industry should support a broad schol 
irship progran lor qualified hig 
school graduates to become teachers 
ind to continue its support of the sun 
mer study program for teachers 
Industry should provide some emplo 
ment for teachers in scientific and te 
nical environments 

Mi Sprague s own presentation at 
the Research Committee meeting cov 
ered the encouraging and assisting of 
high school students in preparing for 
scientific and engineering careers. He 
took the viewpoint that the directio: 
which a student will take in the future 
is determined in his early formative 
years. At about 14 vears of age, the 
student is ready to make such a decision 
ind still has an open mind as to wha 


his future life work will be 


Motivations Explored 


Mi Sprague explored thre motiva 
tions which might be usetul in guiding 
i student of this age. The first of these 
was the desire for recognition and ap 
plause by his contemporaries ind the 
work of several fine organizations in 
this aurea wa mentioned such as the 
American Radio Relay League the 
Science Clubs of America ind the Bo 
Scout’ Merit Badge System. It wa 
mentioned that these clubs could hold 
cience exhibitions and hobby shows 
ind that they could make trips period 
ically to nearby industrial plants. In 
all of these things, local industry could 
be of great assistance 

Another motivating force mentioned 
wus the Promise of immediate pleasure 
or gain. This might very well be utilized 
by giving part-time jobs or after school 
jobs and summer work in laboratorie 
or industrial plant doing  screntify 
work 

Phe next important motivation 
desire to lead a happier ind more 
ful life Here industs in assist 
helping in vocational yuidance work 
ind may extend this to visits and inter 
views in plants With idditional is 
istance from industry, vocational guid 
ine work may tually begin below 
the level of the last two years of high 
~t hol ind so cateh the yvoungsters he 
fore they have passed the point where 
they can pick up the necessary mathe 
matics and science in their high school 
curriculum. This ean also be eneour 
ized in high = school issemblies b 
engineers and scientists from industry 

\nother suggestion made was the use 
of dramatization of sciences including 
r\ programs and notion pleture 

The next motivation considered was 
the natural curiousity of children, and 
here again the sponsorship of trips 
through industrial plants for the entire 
family is one good wavy to open the 


fo a more sSvinpathety interest I 





five equals fifty 


This DC motor is actually ten times the motor it appears to be. 
It is the size of a 5-h.p. motor, but it’s rated 50 h.p. short-duty, 
and over 20 h.p. continuous. 


In designing this particular shunt-wound motor, high power 

in a small space was the major consideration, but not the only 
one. It also had to accelerate to 6000 r.p.m. within one second 
and withstand frequent, fast reversals without excessive over- 
heating. Physically, this small-scale giant measures just 16” long 
by 91” dia., and weighs only 115 Ibs. 


Admittedly, this is a special motor. It is also typical of ESCO’s 
unusual ability to design and build all kinds of special rotary 
equipment to meet particular needs. For over forty years ESCO 
has been pleasing its customers by finding answers that exactly 
match special requirements. Perhaps our solution to your 
particular motor problem will please you, too. 


Refer to Esco Catalog in section 4a/E1 in Sweet's Product Design 
File, or write direct for general catalog No. 56PD. Why not 
also send us details on your special problem — we'll be glad 
to show you how we would go about solving it for you. 


ELECTRIC (§PECIALTY CO. 


171 South Street, Stamford, Conn 





VHS" RELAY 


(*Very High Sensitivity) 


Model 266 


Somple specs. ore 
0.2 micro 
amperes 


: 


12,000 @*_ ) 
ohms coil) or, 0.1 
millivolts, (5 ohms 


@ The VHS is a balanced 
armature, Alnico magnet type 
relay. It is internally shock 
mounted and resistant to 
vibration. The screw-on cover 
is gasket sealed. It can be opened and resealed 


Connections: 9 pin octal style. Dimensions: 1% 
diameter x 24 long. Weight: 4 ounces Sensitivity 
Infinite variations from 0.2 Ua. to 10 Amp. or 
0.1 My. to 500 volts, self contained Higher volts 
or amps with external multipliers. A.C. rectifier 
types. Trip point accuracies to 1%. Differential 
1%. The degree of resistance to shock and vibra 
tion primarily depends upon sensitivity and type 
of action wanted. In general, the relays will not 
be permanently dam ‘ 
aged by shocks of 

100 G's and vibra- 


” 


fy 


tions up to 2,000 cps , } fe 


f 
b A: 
é 


at 4 G's. The most sen- { a 
sitive relays may close 

their contacts under . f ~ 
these conditions 
Contacts: SPST or 
SPDT, 5-25 Ma. D.C 
Other ratings to 2 
Amp. A.C. A locking 

coil gives high pres 

sure ond chatter free 
contact under shock 

and vibratior 

Prices: $20 .$80 

Delivery 4 to 6 weeks 
Assembly Products, inc., 
Chesterland 14, Ohio “ 


DESERT HOT SPRINGS 14 


‘ nation of symbole 


CALIF 


Booth 507 Design Engineering Show Philadelphia May 14.17 


AUTOMATIC 
PYROMETER 


SIMPLYTROL 


No 453! 0 2500" F 
Price $132 00 


Thermocouple type Automatic Pyrometer for 
controlling temperature im fturnaces, ovens, 
and processes The Simplytrol is economical 
ond reliable with few moving parts There 
ore no vacuum tubes 


is SPOT 5 Amps 
relays to 40 Amps 


The regular lood relay 


Optional heovy duly 


10 femperature ranges cover from 75 to 
3000° +f Several special ranges to 400° Ff 
On & OFf control for holding the desired 
temperature works on gas, oil or electric 
heat Indicating meterrelay is medium high 
resistance and has bimetal cold junction com 
pensation. For use with all standard thermo 
>< 


couples Accurac 2 
Y 


Avto- Limit’ switch changes Simplytrol from 
avtomatc controller to limit pyrometer for 
Cabinet. 6x 


6'4%9'2 inches. Also flush panel mount models 


safety shut down or warning 


Send for new Bulletin G7 for more dota 
Assembly Products, Inc, Chesterland 14, Ohio 
DESERT HOT SPRINGS 14-—CALIF 


Booth 507 Design Engineering Show Philadelphia May 14-17 
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clence a% a careet Another motivation 


is the natural instinct to experiment 


ind here seientifically correct toys it 
pire the child to continue on to 
oentiie or engineering career 


binally Mi 


motivation he considered probably the 


Sprague mentioned the 


trongest ofl ill that is the leadership 


ola tine cence teacher giving a good 


course, Here the boy will combine the 
hero worship and respect due such a 
wormal with all the 


man of interest 


which such a teacher can arouse, OF 
course, the guidance and pressures trom 
home are very important in determining 

direction th tudent take in hit 
hool work 


hould be done to assist the 


Therefore evervihing 
parent 
to learn the advantage of a screntify 
career. This can be done by presenting 


yood speakers, preferably scientists and 


engineer to talk to service yroups 


community associations, PTA meetings 
ele 

Phis leads up naturally to possibly 
the most important motivation. which is 
the ae to be of service to mankind 
Here the many contribution to the wel 
fare of humanity which science has al 
ready made can be pointed out. and the 
even greater number of problems vet 


unsolved 


High-Frequency Transistors 
Made by Diffusion Process 


NEW FABRICATING 
oped at the Bell 


tories enable transistors 


TECHNIQUES devel- 
l¢ le phone | abora 
to be operated 
at very high frequencies, 500 mega 
ve le and above The way is now (pyre n 


for the vacuum 


transistor to replace 
tubes in many television applications 
earlier types were limited in frequency 

Key to the new fabricating techniques 
is the development of controls over 
microscopic chemical layers. The heart 
of the new transistor is a layer 50 mil 
lionths of an inch thick The new tech 
niques involve the adaptation of the 
of “diffusion” by 


which minute amounts of impurities are 


chemical proces 
introduced into a material in controlled 
imounts. The process was used in treat 
ing silicon for the Bell solar battery 
first device to convert sunlight into sub 
stantial amounts of electricity 

The transistor consists of a three 
laver chemical “sandwich consisting 
of the emitter and collector lavers and 
the center “base The narrower the 
base laver can be made, the higher the 
frequeney at which it will operate. Dif 
fusion provides a high degree of control 
of such microscopic dimension 

In making the new transistor, an im 


purity must be introduced onl onee 


A GEARMOTOR 
for dependable 


power in 
Small 
Applications 


@ Motoresearch geared 
induction motors are designed for 
applications where motion at slow 
speed is required. That's why more 
than a million are in use today on 
vending, coin operated machines, 
amusement games, household 
ranges and rotisseries. These Gear- 
motors are manufactured in four 
basic sizes, with output shaft speed 


of | RPM and up. 


A magnetic clutch 
motion for the 


permitting 
interval where 
there is electrical contact can be 
prov ided. 


Flexible manufacturing opera- 
tions permit prompt delivery of 
Gearmotors ordered. 


For further information send 
the requirements of your applica- 
tion to us. 


TD fatonesernet Company 


RACINE, WISCONSIN 
Gearmotors and 
Special Electrical Equipment 


Designers Manufacturers 


FACTURING 





AN IMPROVED MAGNET WIRE... 


ROEBLING ALKANVAR..ror 


TEMPERATURES 


ROEBLING ALKANVAR brings motor and 
transformer manufacturers a film insulation defi 
nitely superior to other heat-resistant films cur 
ré ntly available 


Here are some of the facts about ALKANVAR: 
e Operating Temperature “Hot-spots”’ 
to 150 C 
® Dielectric strength; adherence & 

flexibility; scrape & solubility tests .. Excellent 
®@ Heat shock . as good or better 
than other class ‘‘B’ films 
@ Cut through (Navy Test) reaches 
225 C-260 C before shorting 
Write for full information about Roebling 
ALKANVAR, the class “B” improved magnet 


wire, 


ROEBLING ELECTRICAL WIRES 
AND CABLES ARE AVAILABLE 
WITH EITHER COPPER OR 


ALUMINUM CONDUCTORS 


Subsidiary of The Colorado Fuel and Iron Corporation 
JOHN A. ROEBLING'’S SONS CORPORATION, TRENTON 2, WN. J. erancHes: ATLANTA, 994 AVON AVE 


* BOSTON, 1-16 SBTILLINGGSBY. « c 
W. ROOSEVELT RO. + CINCINNAT!, 3253 FREDONIA AVE * CLEVELAND 


19226 LAKEWOOO HEIGHTS @ 9 « DOE 


“W1CAQGO0,6426 
NVER, 4801 JACKSON GT 
£340 €. HARBOR GT. + NEW YORK, 19 weEC 
er * PHILAOELPHIA, 230 VINE SBT . PITTSOURGH, 1723 HENRY WwW. OLIVER OLr 


a * BAN FRANCISCO, 1740 17TH @T * SEATTLE, 900 
1ST 4VE. B. + TULBA, 321 N. CHEYENNE ST * EXPORT SALES Office 9 RECTOR GT... NEW YORK 6, NN. ¥ hm! i 
ee 


$29 


Oe TROT, v8 
rienwer @.0c * HOUSTON, 6216 NAVIGATION BiVO * £08 anaGeces ror er OOEBEBA, TEXAS. 1920 £. 32ND 





7 new . p 
economies in 


NYLON 


means Savings in gear 
costs up to 90% 


a 
ee 


}% 


Our many years of pioneering and successful 
production of Nylon Gears, plus new reduced 
mold charges, can now make even greater econ- 
omies for you in the use of Nylon Gears. With 
the great variety in molds now possible, Nylon 
should not only be considered as an economy 
measure but the answer to many problems 
where a compact design is necessary. Nylon 
Gears are quiet, durable, efficient and need less 
lubrication — they mate perfectly with metal 
gear: 

Let our engineers with more than a decade 
in gear experience show you how Nylon Gears 
can save you money let us consider your gear 
problems during the design process—send blue. 
prints or specs for prompt estimates. 


F 
PROCESS cE NY co., 


4612 W Fullertor Chicago 39, Illinois 


CcOTOoO-COIL 


and 


Conpao 


COTO-COIL CO., Inc 


63 Pavilion Avenue 
Providence 5, Rhode Island 


eCisy 
¢* ° 


j F Coto “> Coils 


Hoyn®? 


Sia cd a ey nasi oliadiehil 
se _ceeeseesethaeaieiieateaiatan tilts aha cha ad inetd thaeh din nadine iaieeaetecienn eed 


iyites = thve yrowinyg ervstal The full 


yrown crystal receives two other doses 


of impurity in the easily controlled dil 


fusion process, which is 


than the older 


alloy processes. Both of these processe 


more precise 


“double doping” and 


require control it very high tempera 


tures, of the boundary between liquid 
and solid germanium or silicon, in order 
to determine the dimensions of the base 


This is difheult 


with controlling diffusion, in which the 


layer very compared 
desired foreign atoms 


solid eryvstal to the 


move through the 
required depths 
Because of its very high trequene 


characteristics the new. transistor i} 


pears to be ideally sutted for applic i 
tion in guided missiles and computer 


| radi 
by Bell 


plications, already uses a transistor of 


an electronic computer designed 


Laboratories for military ay 


different type, and transistors are be 


ing used in other military 


While these 
for the 


equipment 
transistors are well suited 


jobs they do, they are limited 


in application. The new transistor open 


up many new possibilities for militar 
technology 
Transistors have been used for several 
years in place of vacuum tubes as low 
frequency amplifiers in some areas in 


field 


new 


the telephone and in industrial 


equipment. The could 
2500 telephone 


simultaneously on a 


transistor 
implify conversation 
telephone line 


could be 


handled by the best previous transistor 


three times is many as 


It is also expected to be extremely use 
ful in TY 


i mritie hy 


transmission, which requires 


wider communication channe}] 
than a telephone conversation 

Color television sets offer a possibilit 
transistor, too. It is 


for the muecl 


thar 


new 


<matler ind requires less power 


wcuum tubes and is expected to have 
i longer life The 
hoth 


wit! triking 


new device has beer 


made «of vermanium and. silicor 


improvement in bott 


Transistor Performance Criteria 


Pransistor perlormanes hha beer 


measured in two principal wa dre 


eriterton has been the trequens cut off 


ivnificant, is the 


the other. considered by crentist 


to lee 


number of 


tiore 


channels that 


communication 
implifed In this 
| 


the report that thre new 


in te latter « 
trans 
inequa led 

| perimental inal al thie devir 


Bell Murray Hill, N. J. lal 


sratorn have implihed b 100-to 


made at 


currents across a 20 megacvcle wide 


band. Either the amp lite ition or the 


number of communication channels car 


be made three time that of an othe 


trantisistot! Ihe number of communica 


liar hannels or pathways varies with 
degree ol amp litn ition kor ex 


band 


half, thus halving the 


imple the frequen were cul 


rniimteeyr at 
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CONSTANTIN 


GLASS-TO-METAL SEALS ASSURE 


Often the safety of an aircraft depends wholly on the accuracy of its telemetering 


equipment . . . these sensitive electronic systems must consistently withstand rapid, 


almost violent environmental changes, and remain completely reliable 


Their vital performance is positively protected by sealing components in various 
ways and by rugged Constantin Glass-to-Metal Seals. These precision Seals 


lock out damaging conditions lock in superior performance. Manufacturers 


know when you specify Constantin you’re assured of ‘’no leakage” 
Thousands of standard Glass-to-Metal Seal types are immediately available from 


Constantin . one’s an exact fit for your present projec t! 


Constantin engineering experience and technical skills have developed mass pro 


duction methods of great accuracy to meet the most exacting specifications. If you 


are faced with a problem involving Glass-to-Metal Seals of any kind, consult our 
engineering staff for a quick, satisfactory solution 


MANUFACTURING 
ENGINEERS 
Route 46, Lodi, N. J. 187 Sargeant Ave., Clifton, N. J. 


MOUNTS e SINGLE TERMINALS e COMPRESSION HEADERS e END SEALS e CRYSTAL BASES e CONNECTORS e MINIATURIZATION 
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Here’s the newest addition to the 
Scruggs line of “‘tailored’’ motors. 
It’s a 2-pole shaded pole induction 
motor coupled to a powerful sub- 
fractional horsepower speed re- 
ducer, in one compact unit. The 
basic motor, with output speeds 
to fit your specifications, is sup- 
plied for 115 volts, 60 cycle power 
supply ... or specially wound for 
other voltages and frequencies. It 
can also be furnished without the 
gear housing. Send us your specs 

. without obligation a Scruggs 
motor will be designed to fit them. 
Write Loyd Scruggs Co., Festus, 
Missouri. 


Scruggs MODEL 1050 features: 


OE LARGE OIL RESERVOIRS for long life 
o FAN for cool operation 
«| MOLDED NYLON GEARS for quiet operation 


o VACUUM IMPREGNATED COIL for operation under 
maximum temperature and humidity conditions 


You can stake your reputation on SCRUGGS MOTORS 


si Tee! erig gS COMPANY 


FESTUS, MISSOURI 


MANUFACTURERS OF PRECISION INSTRUMENTS SINCE 1934 
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channels there would be twice as 
much power amplification 

Currently available transistors have a 
frequency cutoff of 20 megacycles 
and several recently announced transis- 
tors have had a frequency cutoff be 
tween 100 and 200 megacycles. Thus 
far, the new transistors have been found 
to reach a cut off between 500 and 600 
megacycles. Even though the effective 
operation of many military electronic 
devices is in a much lower megacycle 
range, the higher frequency cut off 
would provide a greater number of 
communication channels or more am- 
plification than previously possible 

i \. Lee. of Bell Laboratories, is 
chiefly responsible for perfecting the 
techniques with germanium, C. 5S Ful- 
ler and M. Tanenbaum have applied 
the diffusion technique in making the 
new transistor from. silicon. William 
Shockley and George C. Dacey were in- 
strumental in directing work that led 


lo the development 


Disclosure of Secret Ideas 
Enjoined by Most Courts 


ALBERT WOODRUFF GRAY 
borest Hills, N.Y 


IN THE COURT OF a midwestern state 
a itlew year wo the possessor ol a 
secret process sued for damages for its 
disclosure in violation of an agreement 
that the idea should be held inviolate 
Krom a judgment in favor of the owner 
of this idea the wrong doer appe iled 

This Missouri court in its afhrmanee 
of this judgment said of the protection 
afforded by contracts providing against 
uch disclosures Ideas have been com 
pared to wild animals, property rights 
in Which are dependent on possession 
ind are lost by the es ipe of the wild 
inimal as they are by the disclosure of 
in idea. Surely when ideas are em 
bodied in a conerete plan for accom 
plishing a definite result the one who 
has conceived the plan has the right to 
contract with reference to its dis 
closure.’ 

In a recent action in New York state 
it wa contended that ideas for the 
improvement of dial telephones. con 
ceived by the author of this lawsuit. had 
been submitted by him to the American 
Telephone and Telegraph Company un 
der an agreement that if these ideas 
were adopted by the company he should 
be afforded employment In the deci 
sion of an application made in the 
course of this litigation the New York 
court said of the protection of ideas as 
property: 

“When the idea is published without 
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TOO ATTRACTIVE TO DROP 


Damage claims can often be reduc ed without 


extra cost... simply by improving the appear- 
ance of your container. Handsomely printed 
Gaylord boxes can make your product See} 
“special”. .. encourage careful handling by 


tru hers and warehousemen everywhere. 


For a box to make your product more im- 
. wv rs ” . 
pressive...to assure first -< lass handling ee 


call your nearby Gaylord of fic 2. 


CORRUGATED AND SOLID FIBRE BOXES «+ FOLDING CARTONS + KRAFT PAPER AND SPECIALTIES «+ KRAFT BAGS AND SACKS 


GAYLORD CONTAINER CORPORATION * ST. LOUIS 





DOES YOUR PRODUCT 
REQUIRE DEPENDABLE HEAT CONTROL? 
UPN LIMITED SPACE FOR THERMOSTATS ? 


eae 


FRANKLIN DALES 
at BOOTH NO. 704 


THE DESIGN ENGINEERING SHOW 
PHILADELPHIA, PENNSYLVANIA 
MAY 14 to 17th, 1956 


Many years extensive experience in the design and production 
of pre-calibrated thermostats is available to you for assistance 


in the solution of your design problems 


Descriptive Literature, Sample Thermostats Available on Request. 


The Franklin Dales Ca. 


“Temp-Guard” 


la ile Vey 


ENCLOSURES 
and PANELS 


Standard Price includes: 


PRIME 


Ae Korn 


% Send for Standard Size and Price List 


fi PZ > Song" 
t. sw : iw" 
A hat irr; 2 SUPE Ne 


patent or copyright or the product is 
produced, sold and open to inspection 
anyone who has the ingenuity to utilize 
the idea or to dissect the product and 
discover the secret may make free use 
of it without necessity to account to its 
originator 

“But when the idea comes into the 
possession of one through special con 
fidential disclosure by the inventor o1 
under contractual or other legal re 
strictions, its disclosure may be the 
breach of a fiduciary trust which the 
law will restrain and if there is a prof 
table use made of it the fiduciar 
nature of the knowledge acquired ma 
result in either the requirement to ac 
count or damages for the invasion of the 
property right against one who has ac 
quired the knowledge and misused the 
confidence.’ 

Here the court cited as authority i 
decision by the New York Court of 
\ppeals of a case in which patterns had 
been copied and used by a_ pattert 
maker to whom they had been e1 
trusted in confidence by their owne: 

“The fact that one secret can be dis 
wvered more easily than another does 
net affect the principle. Ey sort 
to the patterns was more of cor 
enience than a necessity still if there 
was a secret it belonged to their owner 
ind the one receiving the informatior 
had no right to obtain it by 
mean or to use tt iller Ww 


obtained 
Breach of Confidence Claimed 


Method for the electric weldin 
oil pressure vessels, until then held ir 
ecret by their owner had been di 
closed through a breach of confidences 

an emplo ee, to a competitor Here 
in granting protection against a furthe: 
disclosure or the use of these ideas the 
court iid 

The mere fact that the means b 
which a discovery is made are obyviou 
that experimentation that leads fror 
known factors to an ascertainable but 
presently unknown result, ma be 
simple cannot, we think, destroy the 
value of the discovery to a competito 
who by unfair means or as a beneficiar 
of a broken faith obtains the desired 
knowledge without himself paying the 
price of labor, money or machines ex 
pended by the discoverer. Facts of gre 
value may lie like the lost purse por 
the highway, long unnoticed. Hundre 
pass them hb till one more obser 
than t rest make the discover 

iv that in the « 
interest ma net oi 


discern 


pointing out a means 
tection that can be exercised b 
possessor of an idea, against it 


closure, the New York Court of Appe 


‘ 


Without deny ne that there ma 





only Oilite 
gives you such a wide range of self- 


lubricating bronze bearings from stock 


1085 STANDARD SIZES of OILITE self-lubri pherical bearings. TI no charge f 


Sra: 


or their us oni i 
ating Dronze bearings now are available 


( a ec tk nominal set-uy ton quantit ft | than 1000 
you through your local OILITE Dealer And for hely 
Now you save et-up and tooling costs on tandard i} upon the 
OILITE bronze self-lubricating bearing From a total of " x IN powder rev 
/085 standard sizes in OILITE bronze bearing stock You'll want the 1 OILITE Bearing St 
| ¥ Standard siz ou can fill nearly a } y he 10 f lard OILITE bronze be 
: OILITE bronze cored 


wk. It free! 
For non-standard si 


OILITE bearing oduct iny ‘ ted y Page {f your 
OOO dies at our plant—for sl { OILITt 
HRYSL 


ONLY CHRYSLER MAKES OJILITE 


AMPLEX DIVISION 


CHRYSLER CORPORATION « DETROIT 31, MICHIGAN 
PROoOWwCT 


Bearings « Finished Machine Parts * Permanent Metal Filters « Friction Units 





property in an idea or trade secret or 
system, it is obvious that its originator 


New ideas for Design Engineers or proprietor must himself protect it 


from escape or disclosure. If it cannot 
n be sold or negotiated or used without 

>. . 
with POLY PENCO Non-Metallics disclosure, it would seem proper that 
some contract should guard or regulate 


. - - e disciosure ( a se ls Ol 
A wide range of materials and services offering athe nseag str aceapeahr gr taadieannag cing 


the law of ideas and become the ac 


significant advantages in multi-product planning quisition of whoever receives it.” 


Polypenco non-metallics are proving of great advantage to de- References 


Scho dv surk: » Co 
igners who value the importance of design flexibility. These non- honwald F. Burkert Mig 
: S.W.2d 7, Missouri 
metallics are available in a wide range of materials and forms 
Petnel v. American Tel. & Tel 
N.Y.S.2d 294, New York 


- Tabor v. Hoffman, 23 N. FE. 12, New 
Polypenco stock shapes in Nylon, Teflon* and Q-200.5 provide low 


4. O. Smith Corporatior Petroleum 
cost machining into ¢ omponents of supertor qualit\ and performance ¢e Work 7 ( oe | r ; 153 
orks 0 id er Zz 3 
and new Polypenco developments will give you new engineering 
tristol v. Equitable Life Assurances 
advantages at lower cost, , 
sc) N. I 106. New York 


Whatever your design calls for—chances are you can develop 


the part advantageously and inexpensively from one of these 


material New Principles Used to 
STOCK SHAPES FOR MACHINING From The Polymer Corp. Measure Water Vapor Content 


of Penna 


ACCURATE MEASUREMENT of low con- 
Polypenco Nylon: rod, strip, tubular bar, slab, tubing 


centration of water vapor in alr or gas 
5 ‘ vossibl y § stru- 
Pols penco leflon: rod. tubing Lape lab spaghe tti tubing treams is made | ible b in ynstru 


ment operating on the principle of 
Polypenco Q-200.5 (cross-linked polystyrene): rod and plat est enerey exchanned when 6 aes ie 


idsorbed on 0 desorbee om he x 
NYLAFLOW’ Pressure Tubing — from The Polymer Corp.of Penna eee ee ee 
' face of a solid adsorbent. The method 


\ specially processed flexible nylon tubins has been found to be more adaptable 


to continuous measurement and rec ord- 
FERR OTRON)|— From Polypenco, In 


ing than existing methods using the 
A new ferromagnetic plastic material—available in flexible forms. hair hydrometer, wet and dry bulb 


thermometer electrical conductivity of 


POWDERS FOR MOLDING AND PROCESSING — [Irom National hygroscopic — liquid ind lt and 
Polymer Product Ii other 
NyLATRONT nvlon molding powder NYLASINT? nvlon powders, The new method operating on }-min 


measuring cycle has been used in in- 
tL SINT) ating powse 
WHIRKLSINT) coatin ) ler struments with a full seale range of 100 


WHIRLCLAD! COATING PROCESS Licensed by Polymer Pro ppm water by volume ind it now ap 


peat peo ible to oper il¢ ill factorily 
esses, Inc. For applying nylon, polyethylene and other coating TE CEE gD n 


materials to metals, cerami wood and other base materials. 


ensitivity of 0.25 ppm by volume has 


heen attained. Aecuracy is limited by 
noise level and calibration errors to 
ibout Lo ppm 

These materials and services wiil be The method was developed by the 


exhibited at the Design Engineering = en h and Eames cde Sig nts 
“ e Sale ypliances Co , . 
Show, Booth 922. Or write for helpful t Min ety Appuar - 


: ; burgh, and Esso Research & Engineer- 
information. ing Co. In it first applic ations it 1s 


expected to be particularly valuable in 

monitoring the dryness of natural gas 

in long pipelines, according to John P 

u -~ Sic s 0 >. 

The Polymer Corp. of Penna. Strange, MSA chief physicist wh de 
scribed the instrament recently to the 


Polymer Processes, Inc 


Instrument Society of America. The 
National Polymer Products, Inc. f 
: instrument will provide a means o 
Polypenco, Ine. monitoring gas so that conditions under 


which hydrates form can be avoided. 
" subsidiaries of 
POLY PENCO In the instrument a_ continuously 
> . . 
Ihe Polymer Corporation, Reading, : flowing sample of gas is split into two 
at | 


equal streams, one of which is dried 
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The total protection concept of design and construction armors Reliance A-c. 
Motors against everyday hazards, with little or no maintenance. Total protec- 
tion is made up of extra features like: 

Slot cell insulation of Double Backed Mylar 

Dynamically balanced rotor for vibrationless operation 
Entire insulation system impervious to acids, moisture and oils 
Metering plate regulates grease flow to bearing 


Ventilation louvres positioned high and dry in end brackets 


There are 100 of these extra core to cover protection features in 
Reliance Motors. Each point is covered in our bulletin, ‘Check the Facts.” 
Why don’t you write for one and get all the details? 


RELIANCE tissinacte- 
ENGINEERING CO. 
Cleveland 10, Ohio ¢ Offices in Principal Cities 
Canadian Division: Welland, Ontario 





A REAL SPACE SAVER! 


ADVANCE TQ 


MINIATURE RELAY 


Only .94 cubic inches in siz only 1.2 ounces in weight— yet 
this new ADVANCE TQ telephone type carrie -amp 
in the 4PDT combination. It’s available up to 6PD1T 


vith cla Hl” insulation such as Teflon, ceramic and 


It’s extra efficient, too, having only one air gap in the magnetic 
el No hinge pin to wear ou here i bervilium 
retaining spring which holds the armature rigid] 
i mayor axe With this construction plu the 
] 


bar contact il] dignment problem ire clin 

Insulation is inorganic, and the coil requir 
r filler. Hence there i 

‘ cont nin Or i mech 


material 


] 
or it 


thstands LOG 


L OOO OOO « 
ind hermeticall 


{ the ADVANCI 


/ ELGIN NATIONAL WATCH COMPANY 


FOR RELAYS: 2435 N. Naomi Street, Burbank, California 


completely it i te yeneralive 1dsorption 
column, The two streams are then di 


rh two sides ol! 


r 


rected alternately throu 
i detector cell by means of automatical! 
ly timed and operated three-way valves 
During 4-min cycles the desiccant it 
each side of the « s exposed alter 
nately to « i for 2 min 

A number ocouples in the 
two desiccant er ‘ connected in 
circuit. Since bot idsorption and de 
sorption processes proceed simultane 
ously, the resulting emf is proportiona 
to the algebraic sum of the gain of heat 
on one side of the cell and the loss of 
heat on the other side. During each half 
cycle the temperature differential in the 
cell rises rapidly, passes throug! i 
maximum and then diminishes slow! 
When the maximum is passed, the fli 
is switched and the moisture and te! 
perature equilibration process is 
peated. In the second half eyele 
reverse process takes place in the 
side of the cell. The emf generate 
equal but of opposite polarity to 
of the previous half evel 


Considerations in Design 


This energ the heat of adsorptio 
varie with factor such a the nature 
of the adsorbent, the quantity of mois 
ture adsorbed, and the temperature. Ir 
eneral it is one to two times. the 
ordinary latent heat of condensation o 
the adsorbed vapor For water vapo 
ind the adsorbent used, the two quanti 
if ire ipproximately equal 

[he two streams of gas must have 
substantially constant and equal flow 
This i iccompli hed by flow controller 
on. the two tream that ssure that 

cl ide of the detector Cel in 
inchanging flow even though they are 
not controlling at exactly the same rate 
Lhe witchin inte il must be long 


mug! te permit ittainment of 1 


tical eq ilibration of th detector desi 


| quilibr 





“SAVE TIME— 
SAVE MATERIALS— 
SAVE MONEY” 


will always be a great industrial slogan 


Phe world admires not only our unparalleled 
mass production, but our ingenious designing 
and redesigning which constantly improve and 
simplify without sacrificing strength and com- 
plete dependability. 

Practically every manufacturer can improve 
his product—and his ultimate profit—by rede- 
signing his machines and the construction de 
tails of his products. 


Simple little retaining rings... 


shorten assembly time 


reduce maintenance of parts 


reduce weight 


cut down needless space 


save material 


increase ultimate profit — and fre- 
quently improve his product at the 
same time. 


Phe use of these inexpensive yet efficient arti- 
ficial shoulders is already widespread and is 
increasing constantly, 

kivery product 


should bye 


shoulde rs and ‘ ollars could bye redesigne d to use 


metal, wooden or plastic 


examined carefully to see where 


these steel rings 


HW rite today for dese riptive booklet 


THE NATIONAL LOCK WASHER CO. 


NEWARK 5, NEW JERSEY 


MILWAUKEE 2, WISCONSIN, U. S. A. 





CHROMALOX 
Electric 


TUBULAR HEATERS 


provide controlled 
and dependable 
conduction, convection 
or radiant heat 


These versatile Chromalox Tubular 
Heaters provide the kind of heat you 
need, exactly fitted to your specific heat 
ing application 

Available in straight lengths or formed 
to any desired shape. Used for heating 
dies, molds, platens; as immersion 
heaters in liquids, soft metal and molten 
salts: or in ovens, air ducts and other 
air heating applications 


Let the Chromalox Sales Engineering staff 
solve your heating problems . . . electrically 


Write for your copy of 
Catalog 50 

for full information on the 
complete line of Chromalox 
Electric Heaters and controls 

For ideas on additional ap 
plications of electric heat 
request Booklet 1550 10] 
Ways to Apply Electric Heat 


Edwin L. Wiegand Company 


7530 Thomas Boulevard, Pittsburgh 8, Pennsylvania 


EDWIN L. WIEGAND COMPANY 
7530 Thomas Boulevard, Pittsburgh &, Pa 


| would like to have 


["} a copy of Catalog 50 
] a copy of “101 Ways 


Sales Engineer contact me 


developed, Both mplit inter 
pretation of recorded measurements 
which are nown as deflections in one 
direction from zero, and make possible 
the use of the ignal to operate control 
equipment, A special peak-to-peak volt 
meter was required because the fre 
quency of oscillation of the signal from 
the cell is only one-quarter eyele per 
min. 

In one method the maximum output 
of the cell during one-half cycle is 
amplified and stored on a capacitor 
During the next half cycle the polarity 
of the stored emf is reversed and it is 
added to the amplified peak emf gen- 
erated during that interval A de 
potential, proportional to the sum, is 
then applied to the recording potenti 
ometer for production of the graphic 
record, By amplifying the cell output 
inherent = difheultic of storing low 
potentials in capacitor is avoided. The 
ignal is gated to corre pond to the peak 
amplitude by means of the same timer 
is that controlling the witching of the 
three-way valves. The storage capacity 
i horted after each cycle and before 
receiving a new charge © that decreas- 
ing signals can be recorded. The timer 
controls the pen motor of the recorder, 
illowing it to run for a few seconds 
following a summation and then main- 
tains the pen al this position on the 
hart until the completion of the next 


vole 


In the second method the techniques 


| Iwo-pen recordimeg ie u ed lo pro 


duce a peak-to-peak voltmeter but the 


facilities of one channel, normally used 
to record an independent function, be 

re the lorage and integrating sec 
tion. (eatin of signals to the recordet 
pen is controlled by the timer as le 


cribed above 


Components for Transistor 
Circuits—Correction 


IN CONNECTION with the feature article 
appearing under that tithe in’ March 
ieee TRicaAL MANUFACTURING, attention 
has been called to a few errers = in 
description of Fig. 13> by the manu 
facturer of the i-f transformers illus 
trated, Automatic Manufacturing Divi 
sion, General Instrument Corporation 
Newark 4, N. J. The larger of the two 
transformers pictured is a double-tuned 
ty pe intended for use in vacuum tube 
circuits, What the company calls its 
half miniature type intended for 
transistor circuitry is single-tuned 

The text indicated that the printed 


circuit) type subminiature transformet 


Reader 
Inquiry 


Service 


See insert 


preceding back cover 


e A regular feature in each issue, 
the Reader Inquiry Service in- 
cludes postpaid return cards for 
qualified readers to use to obtain 
without charge, 


Additional information from the 
manufacturer on any product 
or service described in New 
Components and Materials de- 
partment in the current issue. 


Copies of manufacturers’ pub- 
lications reviewed in Literature 
for the Design Engineer in each 
issue. 


Single copies of reprints of 
selected feature articles cur- 
rently listed in Editorial Re- 
prints section. 


Further data from the source 
on any product described in 
Advertisements in the issue. 


Each item reviewed in the issue 
is assigned a key number which 
is repeated in the Reader Inquiry 
Service post cards. Circle the 
numbers on the return card for 
the items selected, fill in the card 
completely and mail. Reader in- 
formation must be legible and 
complete, and cards must be mail- 
ed within 60 days after publica- 
tion to secure this free service. 

All reprint titles currently avail 
able without charge through the 
Reader Inquiry Service are listed 
in “Editorial Reprints” depart- 
ment on page 276 of this issue. 

Because of the expense involved 
in producing these feature article 
reprints, longer articles and book- 
lets including multiple reprints on 
related subjects are offered at a 
modest charge intended to cover 
printing, handling and postage. All 
orders must be accompanied by 
remittance, including 3 per cent 
sales tax for New York City de- 
liveries 





@ There are many applications of Refrasi! High Temperature 
insulation for vital. Atomig@Energy development. In the 

pa oT Teor) 0) eM aay rte Yama ie de aD 

unlimited for temperatures up to 2000’ F. 

it’s an ideal insulation for power 

equipment, electric muffle fur 

naces, soldering iron heating 

Cul Eat Tete) eee ale 

mocouple lead wire cov- 

ering, and many others. 


helps break 
for America’s 
Atomic Bnergy 
Program : 


* ee Refrasil insulate the hot spots 

in your product or plant? 

CR lm ig) Pea of Refrasi| and complete 

data. HITCO engineering counsel is yours without obligation. 


REFRASIL IS AVAILABLE IN A VARIETY OF PHYSICAL FORMs: 


2 ETON ie 


ie) Sel a rae CORDAGE CLOTH SLEEVING TAPE ends 


Hac 


READER INQUIRY SPRVICE CARDS, PRECEDING BA‘ 





G-E OFFERS... 


from 2 to 6 positions 


in one compact rotary switch 


Rating is 20 Amps., 125-250 V., 1 HP 120 V., 2 HP 240 V., AC only 


This is a two blade iX terminal appliance itech with double thro 
bo dancle The terminals are tab type | O31” 2590) for quick connes 
tion Ihe witeh can be upplied in either the tandard two serew 
mount or nozzte mount. This new rotary switch come mn2.3.4,5 or 6 
position Viomentary contact available Stop a required Shalt cro 
ections and lengths to meet your design requirements, Special bracket 


can te upplied 


CONSTRUCTION FACTS 
Extra long detent springs provide superior 
detent action and longer life 


General Electric exclusive crossed silver bar 
contacts are used in this switch 


Either 2, 4 or 6 way dummys are available 


ADDED FEATURE Available with Exelusive mereury lip-over witch 
This new Gb appliance rotary switeh is finding wide application in 
rotisserie fans. fan heater laundry equipment, air-conditioners and 
other appliances and equipment, Write for complete information to 
Lcoessors hquipment Department General kleetric Company bridge 


ort 2. Connectreut 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


is susceptible to automatic insertion by 
machine. Neither this nor the large 
transformer was specifically designed 
for this purpose inasmuch as they have 
notches and holes in the coil terminals 
for point-to-point) wiring. tending tt 
make either hand or machine insertion 
diffeult. The company does make spe 
cihe types for jutomatic insertion 
similar to those pictured. These types 
have recessed bases and terminals whiecl 
ire not notched or perforated, extending 
below the shield. In addition to the 
subminiature units illustrated Auto 
matic Manufacturing Division makes ar 
even smaller unit designed especiall 
lor transistor circuitry in connectior 


with printed wiring 


Low-Power TV Broadcasting 
Equipment for Small Areas 


New Low-power TV broadcasting 
“pra kages”” de signed to meet the needs 
of an estimated 800 small communities 
where TV has been unavailable because 
of the high cost of conventional equip 
ment, has been announced by Philec 
Corp The value of low powe! VV 
equipment has been proven by the 
armed forces which has used it for in 
formation and educational stations. anc 
for battlefield surveillance 

lhe kederal Communications Com 
mission. in establishing its nationwide 
plan of television broadeast, sought te 
provide at least one channel assign 
ment each to the maximum number of 
communities, However. 890 communitic 
of 1241 having channel assignments 
failed to establish stations because of 
high initial cost and maintenance. Or 
the recommendation of RETMA,. the 
FCC amended its rules last year to per 
mit use of low-power equipment. Philes 
is the first large TV manufacturer t 
produce low-cost/ low-power TV equip 
ment for small communities. Its experi 
mental low-power television broadcast 
station at its Government and Industrial 
Division in) Philadelphia is now iv 
eperation 

The low power le le Vision broadeas 
package” includes complete transmis 
sion = facilities television transmitter 
monitoring equipment. high-gain anten 
na and transmission line. local progran 
originating facilities for the transmis 
ston oof lides films and local live 
shows. and outside plant items such a 
studio transmitter building and tower 

Transmission facilities consist of 
driver i ervstal control modulator unit 
which produces modulated visual and 
iural television program carriers il 


intermediate amplifier of 20 watts powe 





WwW ANAS “WAN” showed us how to 





See the NEW 
WALES MOBILE 
FIELD UNIT 


Outfitted with Fabricator, Duplicator, Tool- 
ing and equipment to show you, right at prereset 
your door, the money making potential of WALES-STRIPPIT OF CANADA LTD., HAMILTON, ONT. 
the “WALES-WAY”. Let us. arrange for 


the Field Unit to visit YOU. 


This husky WALES DUPLICATOR increases the 








OCS Che) 


LES 


with the 







Here’s a big money maker in 


any sheet metal shop. Punches 


and dies for round and shaped hol Immediate deliveries, and 
take only seconds to remove and replace you may pay for this 
equipment out of profits 
if you wish, Let us tell 
you about this plan. 


Complete sets are always ready in handy 

cabinet. For holes up to 314” diameter the 
WALES-WAY quick change method saves 

plenty of time on your job The WALES 
FABRICATOR its the PRACTICAI ingle - hole 
punching equipment with plenty of reserve power for 


punching up to 14” plate 


The NEW positive 


scope of your WALES FABRICATOR to make production 


runs both practi il and profitable It permit positive duplic ition of 


unlimited hole patterns from master templets to jig borer tolerance 
The templet is secured in steel work table T slots of DUPLICATOR 
Cam action clamps position work piece. Holes are located quickly and 
easily by a stylus 0 pe locater pin. Press gently and the hole i: duplicated 
EXACTLY on the work prec The WALES positive DUPLICATOR doe 


a terrific job. Any man in your shop can handle it perfectly in a few minute 


Send For Bulletin No. 18D 


Get the complete stor of the WALES Sheet Metal 
FABRICATOR with proof of performance Ihe fact 
about the positive DUPLICATOR are included. This is the 





type of equipment that merits your consideration NOW - 
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CANADA. VIRGINIA 
W VIRGINIA 
PENNSYLVANIA 


Le 


Te 


MOD & OF 


MULT D | 
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... THE WORLD'S FINEST 


FLORIDA 


WINDSOR AVI 


SAN FRAN 


4 


MINEOLA 


NEW 


YORK 


OREGON & WASH 


BIRMINGHAM ALA 


a multi-stage linear amplifier using 
2C39A triodes—and a final power 
amplifier which uses a single 6283 
tetrode. The final amplifier provides 
150-watts peak visual power and 75 
watt aural power output to the trans 
mission line Both omni-directional 
antennas and high-gain’ directional 
antennas are included in the line. The 
particular antenna to be specified in an 
application depends upon the location 
of the transmitter in relation to the 
community. Package “A” consists of 
equipment to handle film and network 
Package “B will handle 


film. network and live (single camera) 


program 


Package “* will handle film, network 
ind live (two studio cameras) 

Program-originating equipment con 
sists of film and live camera chains 
projector ideo monitoring and switch- 
ing facilities and audio facilities 

Le ist most low-power televisior 
tations will want to pick up network 
programs from large, nearby citi 
Phileo is also offering high-quality 
microwave relay equipment with the 
“package.” Equipment can be used for 


monochrome and color television 


Shortage of Engineers 
in U. S. is ‘Critical’ 


OONE INDUSTRIAL COMPANY out ot every 
three in the country | uflering trom 
in acute shortage of engineet a situa 
tion that has reached “critical national 
proportion wcording to William ¢ 
Newberg pre ident of Dodge Division 
Chrysler Corp 

Speaking at the filth annual banquet 
of the Toledo Technical Council, climax 
ing the irea observance of National 
kngineer Week. Newbers 
out that in inftieipated il 
population 

er deman 
within the 


will 
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a Magnetic Core 


that’s really 


SMALL? 


use AL 
PERMENDUR 


Ww hen the conditions of service alloy. Write for technic il data on it, 

make it imperative for youto hold and let our engineers help you to 

the size and weight of magnetic cash in on its possibilities 

cores atan absolut minimum, that s In iddition to Perme ndur we 

the place to use Permendur. With — offer a range of high-permeability 

it you can push the flux density up alloys, oriented silicon steels and 
Write for to 20 kilogausses, and practically other electrical alloys that is un 


climinate weight as a consideration matched in its completeness. Our 
your copy Along with its suitability for cores services also include the most 
"MAGNETIC MATERIALS” wherever the premium 1s laid on medern facilities for lamination 
COMpactness, Permendur 1S just the fabrication and heat treatment 
This 32-page book contains valu thing for sonar magnetostriction Let us supply your requirements 
able data on all Allegheny Ludlum applications, too. We maintain i/legheny Ludlum Steel Corporation, 
magnetic materials, silicon steels ; Ol / ld p j j . 
. . y ¢ , +} 
and special electrical alloys. Hlus proper annealing facilities for this Jliver Building, Pittsburgh 22, Pa 


trated in full color, includes essen 
tial information on properties, 


characteristics, applications, et STEELMAKERS to the Electrical Industry 


Your copy gladly sent free on 


request C| 
sooness oor 477 | Allegheny Ludlum ce: 
| FLectaomic AGE) 


345 








SPECIALTY 
MANUFACTURER 


OFFERS 


VINGS 


AND 


FASTENERS 


Multiply these case histories a thou 
andtold and you'll get some idea of 
the variety of tough problems we 
crack, and the savings we effect for 
our customers in the course of a 
year 

Our cold-heading process—supple 
mented by secondary operations 
imposes amazingly tew limitations 
on the parts and fasteners we can 
make. Don't forget that we are 
not limited to “stock sizes. These 
illustrations show that Hassall—a 
specialty supplier can show 

you substantial savings better 
deliveries and no charge assis 
tance at all times 

Proot? Send us your specifica 


tions or write for catalog 


John Hassall, In P.O. Box 


2225, Westbury, Long Island 
New York 


Be ret 


CASE 


History 106 


REQUIRED: 


Replacement for Stud with 
insufficient head to act as 


stop for automatic ham- 
mering 


HASSALL SOLUTION: 


Substitution of Hassal| 
cold-headed collar stud 
with annular threads for 
greater holding power 

Substantial cos} savings 


CASE oy 64 


wIsTO 


REQUIRED: 

method of 

perforating 
d mo- 


economical 


An ing 


manufactul 
punches 
ols such as 


ALL SOLUTION: 


\) cold- heading 
engineering 
difficul- 
y these 
derable 


HASS 


plus 
came the 


pot «nl lias al aad ! delice dat 


ous level inh tial is Newberg 


the production of new engineer 
teadil falling further and turther 
hind the rapidly expanding nee 

In contrast will il icute short 

yineers that ha iffected one 

ever three companies 
hampered researen ind 
programs in nearly half of 
panies Newberg iid that 
Russia is already turning out ¢ 
and teachers ot science ind mathemat cs 
it almost double the rate th uu 
scCems able to do 

“In addition he said, “30 t MW) 
Russian techniciar ire being turnes 
mut to ever we idd Regardle 
ot the qualil of those engineer am 
technicians thie threat is far trot 
being i trivial of roademu one It 

re danger 

Quoting trom recent published find 
mig Newbers o : iudience af 
more than 700 iwineers that onl 
ipproximately hh of the high sehools 
in this counts oller course preparator 

in engineering education He coupled 
tit with i reported harp drop LD) 
is much as 56 per cent in the number 
of college graduates in the yvears [95 
through 1954 whe could qualif 


ibyect 


What Engineers Can Do 


The Dodge executive illed ipo 
engineers to take the initiative in their 
own local areas to offset this condithor 


whereve! possible Educational guid 
f 


nee ervies similar o a type oO 
program ilread idopted by Polede 
ngineer were cited by Newberg a 

mayor ley i thre right directtor 
He also asked the engineers to assist 
on-the-job training program factor 
night choal ind’ to support lan 
techni il chool ina college 

It i not onl ital that the 
hhave more engine! Newberg id 
it perhaps even more important t 
have better engineers Explaining that 
he “as not reterring merely to better 
technical knowledge Newherg uid 
tomorrow s engineers “need to have 
reater capabilities and wider horizons 
» the will be me effective thar 
" | were itvle to be 

\ in example. he said that a “tr 
effective engineer must also qualifs 
i practiom conomist with a bro 
ure unding In economle ind a thore 
mnderstandin al ow if ipplic I 
own work a inet ineer 

Poo often nyvimeers 


irticular 


NAILS, RIVETS, SCREWS 
SINCE 18508 AND OTHER COLD-HEADED 
FASTENERS AND SPECIALTIES 





Investigate The Cost and If You (an Imagine It... 
Performance Advantages ieeans 


You Can Get 


With... 


SYNZTRON 


SELENIUM RECTIFIERS 
Hoe are "Ory Plt Rec tht you co PHALO (an Mold It! 


count on for low cost, efficient results.You get 


the same uniform, high quality with each cell 
lie > ‘7 « ' 

because they’re manufactured by perfected We know there are molded shapes in plu tral 

vacuur process Widest range of cell sizes reliefs. harne é id other molded insulations that 

t choose fron gus salt $ : 

oO 0s om Fungu and sal pray resist sic Mathias ‘nti Conia aaa i ast maui 


int finishes available 


... Other Cost-Reducing Equipment 


hape of it 


ELECTRIC VIBRATORS e mode yest you get in touch with 


k materials perte rmanee 


r chutes ha ur t direct at ‘ ien the question 
jlatior Phalo car 
cil finest firn 


ialized Vhalo 


VIBRATORY FEEDERS 


Feed bu K sterials at controlled 
rates tr stew po hur Phalo Catalos 
dreds of tons per ir. Feed 
heavy lumps or fine powders— 
dry or damp 


Write today for complete catalogue data—Free 
PLASTICS CORPORATION 


SYNTRON COMPANY 


490 Lexington Ave. Homer City, Pa. 


PRECEDING BACK 











: full of brilliant but unusable ideas. 
Ohio Double Speed 


Each one represents materials wasted, 
Reducer DPL engineering equipment tied up, and 






Double reduction in DPL series is ob 
tained by adding an attachment case 





the squandering of hours of fine engi- 







ae ol a " ee neering ability and effort. Their faults 
sin e recucer wee sizes s 

DPL-1-2-3. Ratios 100-1 to 4000-1 lie not in the engineering solutions, but 

DPL Torque capacity, 900 in. ibs to 5800 in their failure to come anywhere neat 





in, Ibs 











to meeting economic requirements.” 
Inability of many engineers to get 


Ohio Speed Reducer HU 
Series Worm on Top 


Single reducers. Same as HS series ex 


their ideas across to other people was 





cited by Newberg as another important 





problem to be solved. Citing the con 






cept input sheft is above and output 


plexities of the typical engineering 
shaft below. Includes 5 sizes, HU-O-1-2 


technical report as an example New- 





1-4. Ratios, 5-1 to 100-1. Output shaft 






berg said “thousands of good engineer- 
may extend to right, to left. or both 
















HU o - a ” ~ at .e¢ ‘ { 
lake ead tolt ing ideas have been sidetracked, and 
much engineering progress has been 
slowed down because we failed to give 
Small Horizontal Double others a clear understanding of what 
Reducer DOX and DOT we have disc ove red and why it Is dm 
An extremely sturdy and versatile reducer portant , 
of the baby size, measuring 4¥ie” in “Another fie Id In which we engineers 
length; 3%i0” in width and 4'4” in height need far more training than we usually 





Ratios, 4-1 to 1600-1 





Torque capacities 25 























get J in the operation ind responsi 

in, Ibs. to 150 in. Ibs. Four shaft assem } 
bilities of management,” Newberg said 

DpDOXx blies. Both speed reducers identical except 

: at 
poT DOX has Zinc-based alloy housing for It is also important, he said, tha 
economy and DOT has aluminum housing engineers be sales-minded. “That in 
volves a good understanding of met 





Small Horizontal Single 
Reducer BHS 


Single reduction unit of the HS type 


chandising, the purposes of advertising 
and of the ob of elling itself,” 












Right angle drive with input shaft below 
and output shaft above. Dimensions 
4.3 4” long, 3” wide and 6-1/8" high 
Shaft extensions: 1-5 8”. Ratios: 6:1 to 
58.1. Hp from 1 8 
















Automation Misunderstood 










On the ubject of automation. Ne 


berg said he feels that “every engineer 


to 5 8 depending 











BHS 





on rato 





should have i full re ilization of ho 





urgent it 4 for wu to do evervthing 


Ohio Double Speed in our power to accelerate its ipplica 







Reducer D Series tion ind widen it cope Also. beca ‘ 
For heavy duty service, Nos DOT and ‘utomation | 0 often misunderstood 
D-1-3-4-5-6. Radial thrust bearings on ind thus frequently misrepresented and 





high speed shaft, tapered roller bear 





eriicized we oft ill people hould re 





ings on all others except number DOT 





full prepared to explain it and ace) 





which is equipped with tapered roller 
D bearings throughout. Ratios to 3200 to its beneht 
1. Torque capacities, 25 to 12000 in. Ib Is crpole who 























i cheme to cut manpower ind thre 










men out of work need to be rea 


Ohio Speed Reducer BHU 


BHU the smallest 






with the taet im the case f ad 


We can how them A it iif Ir 


ngle reds ng unitin 








Shatt exte ) are " Ratic l 1 te 


48 to Y% HP. depending on ratic 






life. Automation o 
ducti We hould point out what it 


meal to the individual 1 ' how the 















Input shaft on top. Output shaft a 







ly ex BHU 


tend to right, to left or bot! ht and | 


















killed ive to do 


OHIO “‘OPF THE SHELF’’ 


Ohio Speed Reducers he 





ve been enthusiastically acc 


] 

the man i iutomatio ely 
epted among nationalll 

for their sound engineering 


ly known manufacturers 





sturdy construction and 


















long economical operation. The various lines consumer too. Because ! I do 
offer ao variety of sizes, ratios and capacities to meet the widest range of power transmission | 
mistake due to human error it «1 
requirements Ratios from 4-1 to 3200-1 
The unique construction of Ohio Special Reducers permits the assembly of many additional nate iste and scrappage. That mean 
ratios where stock ratio e not suitabl Sp st units al m be facture fit j 
: : os or vitable pecial uni also ay be manufactured to fit individual better prod its more uniform ind af 
opplications De your nearest distributor or write direct 
higher qualit Alen cutting dow 
Waste f ! rhe mown ne 
ESTABLISHED 1915 iste helps bring prices d And 
. 7 = ol course being able to make more 


things faster also leads to lower prices 


All of this means that mor 


OENO 
ACT AGNES Without the advantages of more 


and more automation, the future of 
OHIO GEAR COMPANY - 


1358 East 179th Street © Cleveland 10, Ohio this country and, indeed, of the free 


people 
can afford these better thing 





cr 
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ELECTRICAL MANUFACTURINE 






Vac Re* Glass-to-Metal seal guarantees 
p ‘in HS 2, HS 6 connectors. 


Tough atic problems often dictate use of HS 2 (AN 3102) 


Ve 
% 


receptacles HK 6 (AN 3106) plugs. Superior performance is 


Pe x 
wanted and supeng@e performance you'll get with Hermet 


Vacuum tight (Mass spectrometer proven) 
IN THE “SQUEEZE-PLAY” OF Arc-resistance of glass 
High-temperature operation 
HEAT & PRESSURE-— Corrosion resistance 

100% moisture and pressure resistant 
HERMETIC’S A-N CONNECTORS 


Shock and vibration proof 


Equivalent to MIL-C-5015 


WON'T LEAK! 


in addition to our standard line of HS ? and HS 6 con 


nectors, special units with particular plating requirements, varied 
flange style, and extra-high pressure resistance, etc., are being de 


signed and manufactured to meet the most specialized needs 


Let us serve you Write for drawings, engineering data and 


Hermetic’s new catalog 


*Vac-Tite is HERMETIC’S new, vacuum-proof, compres- 


sion-construction, glass-to-metal seal. 


HERMETIC SEAL PRODUCTS CO 
43 South Sixth St., Newark 7, New Jersey 


In standard A-N sizes and pin layouts 





world would look far tron secure 
Newberg said With it. we have the 
opportunity to raise our industrial 
trength. and continue to lift our stand 
irds of living, to the point where they 
climb beyond all threat of danger fron 
if “lure 

That why | believe that the yreal 
est engineering challenge ever given te 
men m every phase of engineering Is 
lo speed up the « Kpansior ind deve loy 


ment of intomation 


Empire State Building to 
Feature Four Spectacular 
Revolving Beacons 


New York Crry’s Empire State Build 
ing will soon add a spectacular elee 
tronic tara in the form of four unique 
far-reaching revolving and elevating 


night beacons The dramatk sky 


ee chances are ; sweeping lights will be seen from as 
lar ¢ y as BO mile 
PRESTOLE HAS iT! \ " eben a four State 


| Mhpoire 


PRESTOLE Single or Multiple impression \ ns. TE Gh TORE. oF 
fasteners, having a variety of sizes and $250,000 and will generate almost twe 
shape 5, Can be used to spec d up, simplify 
and add greater strength to attachments 
involving one or more hole locations 


billion candlepower of light, becoming 
the brightest continuous source of man 
made light in the world. The task of 
engineering the beacons, designing their 
dual movement electronic controls, and 
upervising their installation on the 
9Oth-floor level is being handled b 


Kederal Sign and Signal Corp. o 


Chicago. The plan for the beacons wa 
originally conceived by Industrial De 

hanitit Ie ‘ to I lucty igner Raymond Loewy 

bnmedsn nid ee ire reduce Kach of the beacons whict weig! 
over a ton apiece, will both rotate and 
elevate in a novel eight phase evcle of 
movement. They will be installed or 
the four sides of the building. The 
lights will consist of four 5-ft dian 


by the publ Sperry beacons, each of which utilizes 


Yes, chances are PRESTOLE HAS IT! 2500-watt short-arc mercury — bulb: 


These, in conjunction with the highls 


polished reflector on each beacon will 
resto e generate 450,000,000 beam candle powe 
of light per unit 


ORPOR ATION They will revolve is nehronism i 


1 horizontal plane at | rpm counter 


MIAMI ST., TOLEDO 5, OHIO clockwise approximately 80 deg is 
horizontal plane. Then, as they turn 1 


the building, they will be elevated is 


SEND ENGINEERING APPLICATION DATA... eT to sweep vertic ll up acros 
0 o— the television tower one side at , Tirne 
exposing the tower t brilliar pat 


Pane Application of light 


Company A special bousilt-i 

Street operating control Tor 
vides that if anv one of the bheaco 

City 

should go out of ynehronization to 

reason all of the beacon will 


matical] be returned to synehr 
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Breaker strips molded of impact styrene are used 
n door and door frame of refrigerator made b 


Hotpoint Co., Chicago 44, III 


Why breaker strips tor Hotpoint 
ire BAKELITE impact styrene 


Che new Hotpoint refrigerator points up t 
portant features of BakeLite Brand Impact St 
PMD-5151, the material from which it 
strips are molded 
One feature is toughness—the ability to 
under the day-in, day-out succe ion 
even at 10 deg. FE The other feature is st 
perfectly-reproduced mold details, the uni 
matched color, the outstanding surface 
withstands household cleaning solution 
Do your produc ts need this combination 
formance and ippearance qualitic > "Take b pe 
BAKELITE Impact Styrene TMD-5151. It’s ju rie 
of several Bakelite ¢ ompany mate rials at wk in ' PLASTICS 
electrical ind refrigeration applic itions. To help fi 
the right one to your need tJakelite Com 
offers qualified technical assistance. Write 


PS-9 for information 


BAKELITE COMPANY 
ind Carbon ¢ r] fion UCC sO | 


‘ 
i) 


‘ ci’ 
ered 





Now! 
A LOW COST 
BRIGHT RHODIUM 


PLATING PROCESS 


for electrical and 
electronic components 


lRer 


BRIGHT 
RHODIUM 
PROCESS 


Sel.Rex BRIGHT 
RHODIUM used 
extensively in 
following 
products 


all the de 
rable characteristi yf 
rhodium pi 
sive features 


iS many ex 
which makes 
t particularly suited for 
electrical and electror 


component manufacture 


Sel-Rex BRIGHT RHODIUM 
deposits are mirror bright 
resistant to tarnishing and 
corrosion. have excelle 

conductivity and reflectiv 
ity. Produces a hard sur 
face that is excellent for 
sliding and wiping electri 
cal contacts where light 
yy heavy 


low contact resista 


pressures 


required 


EXTRA! Sel-Rex BRIGHT 
RHODIUM offers ASC 
Automatic Stress Compen 
sation a special 
technique which counter 
acts the high stress char 
acteristics inherent in 
conventional rhodium 
plate 


CtRor 


Sel-Rex Precious Metals, Inc. 


229 Main Street ° Belleville 9, N.J 


Hex Precious Metals, Ine 
) Main Street, Belleville 9. NOI 


operation belore the next revolution 


takes At the 


operation, the 


place end of each night's 


beacon will all point 
north so that during the 
reflec 


lights 


following day 
t off the 


beam will be 


the un will not beacon 


mirror The 


focused light! ibove thie horizon 


tentative] et for 


down t 


operation ot 
midnight 

I i} Corp i> 

iiing manutac 

ignalling 

Beacon Ra 


warning lights 


nd audible 
eloped the 
vy red emergen 
used throughout the nation atop police 
ehicles ind last 


ind built the sper 


fire ind emergen 
ear it engines red 
tacular illuminated tower and revolving 
ureralt beacon 
ter Kepublic 

in Dalla Lexa 


flopping off the new 40 
National Bank Building 


Chain Radar Tracking System 
Goes Into Operation 
This Spring 


Tiss WORLDS GI chain radar 


tracking capable of checking 
the flight of ewe ipersonu 
r the full length 

An Kesearch 

blorida 


Range. will be com 


ind De 
(suided Missile 
pleted earl thi 
Designed 


\e lopment Command 
piitip 

ind built by Reeves Instru 
ment Corp it a cost of some $10,000 
OOO. thi cham ol ‘| new 
island 
like a vast ribbon from Grand Bahama 


in blorida to the Ss 


radar in 
tallations on eight extending 
off the coast of Cape Canaveral 
Atlantic, is the 
first chain radars capable of long-range 
rrupted tracking 
record and 
control test 

i neat ( oecod 
bemy 

> des 

nstant 

ind 

continuoushs 

it position 
rations until 

is itselt 
trom its 
‘ idence 


kind, the 


“pies aor“ ee 
Rugged, Precision 


MINTATURE 
THERMOSTATS 


aa Al Ld 
etal 


Tees 
MODEL 13 


me Eo a) 


mae tilt 
te 


Se La 
eR taf 
© AUTOPILOTS 


BLL St 
a UES 


a a 


MODEL 11 


shown full size 


* Hermetically Sealed 
* Strain Relief Protected 


The quality of Ulanet miniature ther 
mostats has been proved by years of 
dependable operation under the most 
extreme conditions. Their inherent ac 
curacy and rapid response has been the 
leading reason for their final choice in 
so many critical applications 
touch with Ulanet tor the 
your heat control problems 


Get in 
answer to 


...and— 

The only metal thermostats 
that withstand mechanical 
clamping or pinching of 
cartridge without affecting 
the set calibration 


f{ 


FM Series 
Write for Technical Data Sheets 


ELECTRIC HEAT CONTROL 
ENGINEERS 


GEORGE ULANET COMPANY 
420 Market St., Newark, N. J 





inside the new Rheem Clothes Dryer— 


phenolic parts by Chicago Molded 


An exclusive feature of Kheem Wedgewood 
Clothes Dryer is its special delicate-fabrics compart 
ment. Here, gentle-action drying is achieved without 
tumbling and without high heat by using ma 
CoLULTEN ! inh all 

olumne of ill ¢ il] te lara 

balfle hich wisture 

Phe mpell cle ed to operat 
yf) rpm 


Chicago's Molded’s materials laboratory cr 
ith Rheem engines t letermine the mut 
vould best t} ( | 
ipell the 


CHICAGO MOLDED PRODUCTS CORP. 


1024 N. Koimar Ave Chicago 51, Illinois 





Vv Thereag 3 
bility hick 


ro 


dependable on artis sign re a = 


the entire f 
products of G-V_ 


i i 


and reliable performance. 


mel te 
Li 


aay) Li te) 
rhs 
Sty ror 15 


1/10 to 5 seconds 


G-V Thermal Time Delay ldiews 
Adjustable delays of 2 10.300 seconds 


G-V Voltage & Current Sensing Relays 
For circuit protection 


_G-V Electrical Thermostats 


_ Hermetically sealed, still adjustable 


A well-qualified G-V Representative is 
ready to serve you. Write for data. 


G-V CONTROLS INC. 


18 Hollywood Plaza, East Orange, N. J. 


tactical evaluations and studies of the 
missiles efles tiveness and potential us 
The equipment consists of 21 radar 
stems installed in pairs in air-condi 
tioned buildings on the eight islands in 
cluded in the range. In addition, there 
are five other systems installed in 
mobile vans. The installations are made 
in pairs, so that one unit acts as a 
check on the other and is also capable 
of taking over the work alone if one of 
them should fail. Only a single man | 
needed for the operation of each unit 
As soon as the radar is “locked” to the 
missile under test the whole operation 
is carried on automatically 
While the armed = services operate 
three other guided missile test ranges 
Pi. Mugu and Invakern in California 
and the White Sands in New Mexico 
the facilities of the Florida Test Range 
ite the only ones capable of handling 
missiles in flight anywhere approaching 
the distances available at the Florida 
range. The Florida Guided Missile Test 
Range. while designed and operated by 
the ARDC of the U.S. Air Foree, is 
ivailable for use by all branches of the 
armed services and its facilities are 
tilable to all manufacturers who sup 


ply them with weapons of this type 


Financial Aid Offered 
Budding Electronics 
Entrepreneur 


Within THE NEXT 12) MONTHS some 
9000 small businesses involved in’ the 
design and manufacture of electronic 
or electrically energized equipment will 
require approximately $50) million to 
fulfill their contractual) commitments 
This finding results from a national 
irvey conducted by Coastal Commer 
cial Corporation, New York City, lead 
ing firm in the commercial finance field 

Before the prospective new manufac 
luring entrepreneur leaves his snug 
berth as designing engineer in one of 
the giant industrial corporations, he 
should be sure he knows exactly where 
the money's coming from to sustain him 
in his own operation. Here, it is pointed 
out that the first vear is almost in 
variably easier than the second or third 
years. A manufacturer of components 
or sub-assemblies usually begins busi 
ness on a modest seale, with a small 
back-log of orders. and finds himself 
in finaneial “hot water” only as he tries 
to expand to keep pace with an in 
creasing volume of activity 

The Coastal survey also revealed that 
loanable bank funds for the “litthe guy” 
ire continuing to tighten, now that the 


“bonanza” finish on the postwar busi 





right number for telephone wiring insulation 


ings of yarn to the wire and coats it with lacquer 


Key reason why Western Electric uses acetate 
yarn as insulation for telephone switchboard 
wires and cable conductors is its superior elec 


trical resistivity. 


This was no off-hand decision. Bell System 
engineers settled on acetate only after exhaustive 
comparative tests of acetylated cotton, viscose 
rayons and various forms of washed silks. Fast 
delivery and a favorable price picture also helped 


weight the scales for acetate. 


Celanese delivers acetate yarn already sized 


film. Completed wires are either used as loose 
switchboard wire or fabricated into cables for use 
in central offices 

Can you use a fiber that resists microbiological 
attack...is slow-burning...easy to handle...and 


, 


has high volume resistivity? Then you can use 
Celanese acetate. Let us show you how. Write for 
technical bulletin #1TD7 to Celanese Corporation 
of America, Industrial Sales Dept., Textile Divi 
sion, Charlotte, North Carolina. Branch offices: 


180 Madison Ave., N. Y. 16; Pilgrim Sq. Building, 


and scoured with special techniques to reduce 9 Overwood Rd. at W. Market St., Akron 13, 


electrolytes. Western Electric then applies serv Ohio (Tel.: TE 6-2392). Cetanese®  Fortiaan 


CP Ravese 


FIBERS FOR INDUSTRY 


FORTISAN RAYON FORTISAN-36 ARNEL TRIACETATE - ACETATE 


h 


VISCOSE-RAYON 


355 





hoor tas ’ to tace \ 


probable explanation for this diminis! 
THIS HUSKY SUB MINIATURE ing financial aid trom bank wcording 
? - to replies received in the poll, is that 
e te apital invested in new businesses 
} iP be not “turning over is rapidly as it did 
- ‘ ‘ in the lush days following World War 
Se Seg he ‘ {f. Put another way, more capital i 
needed now to produce the same 
ber of good ind services 
With the decreasing availabilit 
bank funds. the best source of finane 
iid these days for the secondary o1 
marginal pre ee i probably thie 
commercial finance company. This i 
especially true for the electrical and 
electronic manufacturing field. Banks 
am in view of present circumstance ir¢ 
Be increasingly reluctant to extend lo 
OocK for hight technical operations I 
nds over o, they would virtually need a special 
perating 
chanical 


staff to evaluate the project and thi 
in turn would boost overhead to where 
improbable rates of interest would have 


Lon to be charged. Finance companies are 


more likely to specialize in certain in 
ds over dustries. like electro 
15 G's up 
900 c.p.s. 


a. ae Shipments of 


Ideal for lowleve 


Airborne Electronic Equipment Metai Powders in 1955 
Show Large Increase 


Contact arrangement is a 
DPDT Ay FY ' LATEST STATISTICS RELEASED by 


PRS, Metal Powder Association point up 


Available in standard aan’? 4 . a growing importance of metal powder 


it on 150 e, manufacturing techniques. At a meet 
ve ages up to voc ing betore the New York Powder 


° e Metallurg (,roup o hye it can l- 
Designed for continuous parang Ip ek te Senereen Ss 


titute of Mining & Metallurgical Er 
duty operation gineers, Robert L. Ziegfield, secretar 


of the MPA announced that total trot 
Conforms to environmental - 2 Mtg. Holes powder shipments in 1955 were ap 


7 | ‘125 Dio roximately 16 times what they were 
requirements of MIL-R- ' 
in 1943 and nearly twice what they were 


25018 and MIL-R-5757 = a } in 1954. In 1955, for the first time since 
immediately after World War Il, ship 
Temperature ranges ' ments of domestic tron powder exceeded 
Class A —55C to 4 85C L] import 


About half the domestic iron powder 
Class B —65C to +125C 


ind = two-third oft the copper powder 


shipped goes into bearing indsome 


Weight —1.25 oz. (approx.) chanical parts. Miscellaneous uses like 


od ind’ cutting ind scarfing 
Our engineering staff is always at your service 


Write for complete data CORP. 


& wi 
— Vf — ~ Li ittle over 1000 tons. Friction mate 


concrete iré the “econa 


fp “ reg } iron powder applica 


ignetic core third at i 


1500 tor if copper powder 


= 
Sate. fat tm 


1500 CHURCH ST., FREDERICK, MARYLAND 





Raytheon selects RESINOX* 3700 for core of 


new microwave cooking oven transformer 


Monsanto mate) ial again demonstrates it outstanding physical- lectrical propertv 


Of all materials te trength, good impact re 


Nl neart of a new 
S700 qualified on e iirement . ; ‘ 

( ipl orn ra . 2 ) nh home 
For this highls Itical applicatio ti and con ii-ty] rie a ! ade and pat 
needed a core ma F vith out nding lectrical and C1 ) tavtheon 3% i ‘ o., Waltham, Ma 
physical propertic ial dime 
hrinkaye were 


pied arnisned ; 


cracking unde} 


Monsanto 
Kf 4 





105°C INSULATION! 


tugged Resinite Super Heat 125 vinyl insulation sleev 


mg? fo exceeds | i requirements 
@ No linear shrinkage after prolonged exposure to hot 
oil, varnish, tar and pitch 


Extremely tough No cut-through by enamel wire 
loaded to 300 p.s1. at 105°C for 30 days 


Superior heat-aping characteristi 
Non-corrosive with copper or aluminun 


1000 Vin 


Call your Resinite representative or write for samples 
and performance data 


N Wi aca Exclusive Resinite “Soft-Wound” 
. SPOOLS spools deliver sleeving full round 


Write for samples and performance data 
a scall 


RESIN INDUSTRIES, INC., 318 Oliwe Street, Santa Barbara, Califorma 
SPECIALISTS Oh VORTL SUEDE OND TUBING FOR THE AURCRATT ELECTROMICS ANG PHadmaCtUTICA Fit Os 


“shipments rose 
2000) ton I 1954 to ipproxs 
S900 ton in 195 

The overall shipment figures for 
metal powders on which = statisth ire 
ivailable, namely copper, copper-base 
illoys. lead and solder, was over 57.000 
tons in 1955, a substantial increase over 
the 1954 figure of 35.000 tons. Barring 
iny major economic upsets 1956 look 
like another good year for metal powder 


produc tion 


AIEE President Boosts 
Engineering as a Profession 


ENGINEERING IS THE MOST ANCIENT and 
honorable of all professions. So said 
Morris D. Hooven, president of the 
American Institute of Electrical) En 
yineers during the Winter General 
Meeting of the institute. The first re 
corded history is that of the Pyramid 

e of Egypt, which was undoubted] 
an engineering culture 

The question of being the most honor 
thle one is a matter of opinion, but 
after all is said and done. we must 
consider the fact that we are possibly a 
litthe more objective than any of the 
others and, theretore, entitled to the 
esteem of the public for temperate 
judgment. We have already made firm 
ind should continue to make firm ous 
position of honor in the eye ol the 
public 

Mr. Hooven get i little fed ip with 
people who say Oh, we must be pro 
fessional We must establish ou 
elve We have been established for 
centurte Read the daily paper the 
editorials, the columnist the want ads 
You will soon be reassured of the value 
of your profession to this civilization 

\s to the other learned professios 
i short filly vear igo the medical pro 
fession had prepared for it the Flexner 
Report which tore the profession apart 
looked at it in detail, and built it up 

present-day very respectable group 
of physicians and surgeons. In LOLO the 


Flexner Report quoted the engineering 
profession is one which the might 
well emulate because ever mat 

bye i colle yy yraduate in order 

i member of ngineering pro 

ion. Phat was not true of the medical 
profession in LILO. but it is true 


Phey have followed 


now 
is 
The lawyer looked at themselve in 


in equally frank investigation whi 





essential Be 


Alumalloy 
Explosion-Proof 
Fittings 
and 
Fixtures 


te ee te 8 


Ce MMM et ela) ae 
years’ pioneership in the development and improvement 
of aluminum fittings and fixtures. 


So, whatever your safety-proofing need, there's 
else AM lt ae em Mt ed 
these characteristics: 


Lightweightness © Rust and Corrosion Resistance « Perfect Uniformity 
Easy Installation * Quick delivery 


Do you have your copy of 
the new Killark Catalog? 
Yours on request 


Ue ea eee 


St. Louis 13, Missouri 


Vandeventer and Easton Aves. 


Philadelphia 2014 Chancellor 


4830 McKnight Road 


f 
Denver ,alapago 


SALES OFFICES and vei iia asta’ 
WAREHOUSE STOCKS 1528 West Adoms SI Detroit 8319 Mack Ave Sor 
4130 First Ave., § 


1031 Meta Dr 2 Seaton St Seattle 


Francisee 714. Harrison $i 


4146 vv 24th St 


Kansas City, Mo 
826 Andrus Bidg 


SALES OFFICES | (o"more 2700 E. Main St.) Minneogolis 


les Offices and Warehouse Stocks throughout Canada 





Long-Run ECONOMY in 
Short-Run PRODUCTION 
vith LAMCO resszrocse: 


for Developmental and Pilot-Run 
Production of Motors and Generators 


Thousands of ‘special’ patterns can be created without 
the expense and delay of special tools — at a low cost 
made possible by a tremendous selection of interchange- 
able stock tools. 


Our own long experience in the engineering and produc- 
tion of rotating electrical gear supplements the resources of 
Europe's leading makers of electrical stampings 


occcegeoescesccosecess Catalogs on Request 


300 Main Street 
Stamford, Conn 
Fireside 68-7013 
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Your “work book” for insulation problems . 


ELECTRICAL INSULATION 
AND DIELECTRICS 


ERI i design manual that 


i virtual must for engineer whe 

need to heep pace with current technolog inn thee will moving 
of electrical insulation and dielectric material 

The editors of Exvectrica MANuraAcTURING have assembled 


ints 
one handy to-use 136 page book. 


a selected group of articles dealing 
with the application of insulation and dielectrics in the design and 
development of electrically operated products. Many of the articles 
include exhaustive, critical appraisal of property characteristics and 
application possibilities 


Feature article content (with dates of original publication) in 
cludes: Research Progress in Dielectrics (December 1954); The Epoxy 
Kesin System for Embedded Circuits and Components (April 1955 
Arcing Performance of Plastics Insulation (April 1954); Dielectri« 
Strength of Solid Insulation (May 1954); Impact of High-Energy 
Radiation on Dielectrics (June 1955 Deteriorating Influences on 
Dielectric Materials (July 1954); Ferroelectric Dielectrics (July 1954 
Applications for Gas and Liquid Insulation (June 1954); 
Compounds for Molded Parts (March 1955); Filled Fluorocarbons 
New Component Materials (February 1955 Evaluating Dielectric 
Properties of Plastics Laminates (October 1954); Plastics Laminates 
Standards (November 1954); Effects of Water Immersion and Humidity 
on Thermosetting Laminates (July 1955); Temperature 
of Insulating Materials (September 1954 
the Dielectrics Field (August 1955 


Glass-Premix 


Classification 
European Developments in 


An annotated bibliography lists earlier articles containing desigr 
data applicable to current problems 


e@ The 136-page Design Annual includes each article in complete form wit 
all original illustrations, tables and text. Single copy price is $3.00 on orders 
accompanied by remittance. Orders should be addressed to: J. A. Campbell 
Director Reader Service. The Gage Publishing Company, 1250 Sixth Ave 


New York 20 . 


the made in 1954 in a report entitled 
The American Lawyer They found 
that only 50 per cent of the lawye 
if toda ire college graduates 
There is also a school of thoug 
imong the learned prolessions that sa 
“Don't educate our voung men too fat 
because we must not vet them bevond 
their flock We have no such inhibi 
lions in the engineering profession We 
educate our people to the very limit 
that their young minds can take. Mi 
Hooven said he Wa proud ot hi p! 
fession and = the likes to boast of its 
iwccomplishments and of its capabilities 
He urged engineers to tell their neigh 
bors. their childen and our = childre 
in the schools the facets of our present 
life. Tell them that it takes a draft fron 
the upper 15 per cent of our intellectual 
population to make up the engineering 
prolession Pell them that engineer! 
erve their community first, and other 
things later. Tell them that the eng 
neers have deve loped i kind of civiliz 
tion which no other profession could 
have done While we must obtain mu 
isters and doctor ind lawyer we 
have an even greater number of brig 
oung people lo provide engineering 
with the proper amount ot oung 
All practitioners of the art of engi 
neering are ist a mul and just 
neee il hie electri il Howe 
fortune has made the electrical engine 
i kind of hub around which the other 
professions revolve. The infinite number 
of control devices, the electronic equip 
ment. the magnetic unopliter the i 
strument relavs and witches that we 
put in all of our factorie all of our 
venerating statior ill of our communi 
cation centers are electrical engineering 
device So we have hecome a kind 
of a spearhead of the intellectual de 
velopment ot the whol technologi 
civilization in which we live 
Mr. Hooven said the reason he had 
been boastful and sounded rather hard 
boiled in wavin our flag ts that it 
necessar that there be established i 
tur own Communit the proper Vviev 
ot the work thi ivineet! do thie 
imiportanes otf work to the 
munit thre rrhpoa M ol recruiting 
bright Vcruing ritey thre engines 
ing profte nt can we do othe 
make at ele il 
papers. on our radio and tele 
vision broadcast than to set our case 
clearls ind opent before the reat 


commeot public vhich we serve? 


New Components and Materials 
Literature tor the Design Engineer 
Feature Article Reprints 
Advertised Products 





at its 
finest! 


choice of leading manufacturers 


Don't gamble with the succe 

of your product! By careful 
analysis and testing together 
with RAE engineer ou can 
assure the right motor for 


our need 


RAE offers outstanding ser. 
ie and quality in a large 


AC/DC Universal 

DC Shunt Wound 

DC Series Wound 

DC Compound Wound 

Gear Reduction Motors 
Governor Controlled Motors 
Motors for Rheostat Control 
ariety of motors in voltage Motors for Electronic Control 
ip to 250, and up to 4 HP 
higher for intermittent duty 


e*eeneeeet%eeee 


Permanent Magnet Motors ond 
Gearmotors 
vith man gearhead motor 
combination Let ul how 
these advanced mo 
in such big demand 


or nov rove "your prod Rae MOTOR CORP. 


ind reduce 


Send for the ‘'RAE’’ service sheet. It 
will help you supply the dato neces 


sary for recommendations and prices 


2009 Kewaunee Street 
Racine, Wisconsin 


Only the best 
Cel Me le 


cutters ride on 


HARTFORD 
High Carbon 
Pee il Me tlt 


No wonder whiskers vanish with the new Schick Electric: 
Shavers for the new double heads are both Super 
Honed and Super Quality. With Schick only the best 

good enough. Schick engineers specify the four balls 
that the innercutters ride on at 20,000 strokes per mir 
ute be Hartford High Carbon Chrome Precision Balls. If 
you have a bearing problem that requires precision balls 
retainers or bearings made to your specifications, con 


sult Hartford engineers and specify Hartford quality 


tford 


: PRECISION BALLS @ BEARINGS 
Hartford Steel Bali Co., Inc., 7 Jefferson Ave., West Hartford 6, Conn 


Tm ae LT 
assures Maximum Stability in 


AMPERITE 


RELAYS and REGULATORS 


Ts CMG amma Sele 


Thermostatic 


DELAY RELAYS 


2 to 180 Second 


(x * pera ! 3 tes { 


| t 


i fected } 
' r other 
’ 
, ° 
et 
. , Amperite Thermostatic Delay 


win Relays 
net. 4 


PROBLEM? Send for 
Bulletin No. TR-81 


Amperite Differential Relays: Used for aut 


iti er i, under voltage r under irrent protection 


BALLAST REGULATORS 


An 


i jul j 
automatically regulated 


t 


Hermetically sé 


50% | 2% 


Write for 4-page Bulletin No. AB-51 


AMPERITE CO., Inc. 
561 Broadway, New York 12, N.Y 
Telephone: CAnal 6-1446 


In Canada: Atlas Radio Corp., Ltd 
560 King St., W., Toronto 2B 





Se 
Electro 
STEN ANIC: 
UST 


generates usable voltages 
i) 
slower mechanical motion 
without contact 


MODEL 3030 


Latest addition 
to the complete Electro line 
of transducers 
known for precise measurement 
of speed, control 
and counting applications. 


The new 3030 Electro 
Magnetic Pickup is a small 
rugged impulse-gene rating 
transducer which converts 
even very excita 
tion mechanical motion to 
usable Its 
outputis proportionate to 
speed of exciting metal ob 
ject twice as great in the 
low excitation ranges as that 
of the standard SOL0-A, 
which it supplements 


slow, low 


electrical energy 


High temperature, super-sensitive 


Re 3030-HTAN available 


Write for details and data today! 


another €224a¢ first 


ELECTRO PRODUCTS LABORATORIES 


6 , Chicago 40, tl. 
Canada Atlas Radio, Ltd., Toronto 


EM Ravenswood Ave 


Statistical Approach 
to R & D Problems 


Continued trom page V4 


j 


measurement of this variation. In 


turn. this variation must be used to 


determine whether or not differences 
observed in experimental results are 
representative of real differences. Sec 
ond, a statistical through 
the 
con 


dif 


measurement 


ipproar h 


its associated analyses. reduces 


use of judement as a basis for 


clusions and evaluates obse rved 


to the 
kor 


differences 


ferences relative 


eflects conclusions 


these 


of random 


drawn from 


prob 


ability statements regarding their un 


Thus this bene 


mm ice 


the 


certainty can be 


fit is that related to evaluation of 
experimental data from a more rigor 
ous and obyective 


In thr 


stucic “ 


pomnt of view 


classical one-at-a-time 
iriables but 


all invcte ye ndent 
held « 


ormation as to 


onstant 


the 


ernie are ito) OD 


extent ino which 


irialbole interact can be obtained 
Inherent i 
is the 
the 
ductive basis for drawin 
\ realization of the 


fits might. at first 


most experimental de 


ibility to evaluate inter 


whion result being a wider in 


(aon lusions 


first three bene 


eem to require a 


Hhieoie extensive experimental pro 


ram. However. itt renerally found 


that a statistical ipproach is more el 


ficient. In general upon comparing 


i statistical ipproach with other 


that mieht bye 
that the statistical 


proach used 


is noted approach 


formation for the 


the 


elds more in sare 


experimental cost ot same om 
reduced cost It 


till 
the 


formation lor i 
that 
with 


allow then inother bene 


fit has to deo omics of 


ecaortr 
experimentation 

Although 
ribed 


imiport ee 


benefits have 


the 


onl Pevull 


thes ire ones of 


heen ces 


mayor most exper! 


mienta provrams a) i 


ol equal ait re 


particular 


program, othet may assure 


i statu iter um 
portance howevet 
ol such 
i throu 
hh ote 


by nett 


ipprectation 
benetiul 


tcaine hh ¢ iper 
cripttor 
these ind perhaps fo 
Te 
predetermat ed 

etherent plan of attack 

eee f f nt ‘+ 


t hout chars e No. 216 


remos 
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ol all itl satis 
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i statistical ippre 
need loot i 
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CULE 
INDUCTORS 


FOR HIGH POWER 
RF EQUIPMENT 


@ Commercial and 
Military Transmitters 
@ Electronic Medical Devices 


@ Electronic Heating Equipment 


Wondering about an inductor for high power 
RF equipment? Your best choice is a standard 
inductor made by Johnson, pioneer manufac- 
turer in the commercial inductor field. Johnson 
builds a complete line of heavy duty RF com- 
ponents, unmatched for choice of types and 
sizes. For detailed information, write for your 
free copy of Catalog 535, covering Johnson's 
complete RF component line 


"224" SERIES 
quality, he 


illustrated 
avy-duty 


Thi top 
has been 
Han 


contact 


above 
variable inductor 
designed for 
dies he 


assembly h 


high power RF applications 


avy current in continuous duty 


avily ilver 
oldered to 


aluminum 


plated 
withstand high t 


end trames tunctionally des 


terminatior 
ilver mperatur 
Cast igned 
for maximum air circulation and perfect winding 
alignment. Coil glass bonded 
i shaft front and rear 


available 


upport bars are 
mica extends 2'4 
Models with k or 

maximum inductanc« 
uh with 
models 


copper tubing 
from 14.5 to 75 


urrent ratings. Sp« 


ratings 
30 and 40 ampers 
cial available for 54 mes 
hields, spec 


ment may be supplied on 


and above 
and other 
pecial order 
"202" SERIES Th 
large surfac« 
these 14 
copper 


Corona ial plating equip 


area f 

and 
tubing 

provide the 


wound 
low 

and 

temperatures 


resistivity working 
necessary 
for continuous high cur 
rent 
sign, the 
many high power 


applications 


1? 
£04 


aim 
ple and rugged in de 
ideal tor 


ment 


< 
2crics of 
industrial RF 
well as for 


equip 
broadcast 
assemble 

plated with winding pitch 
high Q factor 
performance 
102 wh ar 


impere 


applications as 


transmitters and antenna’ tuning 


Conductors are silver 


jesigned to provide 


urrent 


and optimum 


high Inductanc 


with 3 


rating 
from 10 to available 


ind 40 current rating: 
Fixed or variable units, wire-wound, edgewise-wound 


and tubing-wound ore available for high or low 


power applications. Write today for your free copy 


of Catalog 535! 


STEATITE AND 
PORCELAIN INSULATORS 


~~ 


A MINN 





Memo on plastic 


To all executives seeking a material for a new 


product ora way to improve an existing product: 


As a case in point, consider the advantages Dictaphone Corporation 
finds in manufacturing its Dictabelt records of Tenite Butyrate. This 
versatile Eastman plastic provides a flexible, lightweight recording 
material that can be folded, mailed or filed, without damage. It's 
easily extruded as a seamless, thin-wall tube, and cut into bands 
providing a smooth surface for accurate reproduction. Its clear, pure 
color is modern and attractive. And its low manufacturing cost permits 
users to record an average day’s dictation for just four cents. 

You'll meet Tenite Butyrate in many different forms. It is used for 
oil field pipe for outdoor signs for typewriter keys. Chances 
are you touch it daily, for auto steering wheels and the new color 
telephones are made of this versatile plastic 

Whether you're seeking a material for demanding duty or lasting 
beauty, consider the hard-to-find combination of properties offered 
by Tenite plastics. We'll be glad to help you or your molder evaluate 
Tenite Acetate, Tenite Butyrate and Tenite Polyethylene for any use 
For more information, write to EASTMAN CHEMICAL PRODUCTS, INC., 
subsidiary of Eastman Kodak Company, KINGSPORT, TENNESSEE 


TENITE 


ACETATE « BUTYRATE + POLYETHYLENE 


pilasl by Lastman 





FOR IMMEDIATE SHIPMENT 
“ARBON, ALLOY AND STAINLESS STEELS 


* sheets & strip 


achinery & tools 


Plants at) New York + Boston + Wallingford, Conn. + Philadelphia + Charlotte 


N.C. + Cincinnati + Cleveland + Detroit + Pittsburgh + Buffalo * Chicago « 


Milwaukee + St. Louis + Los Angeles + San Francisco Spokane Seattle 


SIMPLEX 


STRIPPERS 


W | R AND CUTTERS 


* Clean Cutting 


¢ Precision Stripping 
« Fast Working 
¢ Easy Operating 


« Low Cost e Rapid Setup 


) duction wire strippers and cutter will strip and cut t length 


all ‘ypes of insulated wires including paralle! lamp cord and heater 
ord, also cables aximum diameter, in one casy operation. Send 
sample wires and have your stripping problems engineered by Wenc« 


ASK FOR YOUR COPY OF NEW BULLETIN 


WENCO MANUFACTURING CO. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
TOOLS * DIES TAMPI SPADE BO 


(136 WEST HUBBARD STREFT CHICAGO 772 


—— == 


LtLIinors 


a 


364 


High Temperature, Foil-Type 
Tantalum Capacitors 


( ‘ om page 135 


hell tes this ilue vas 1.0 microamp \t the end 


(MM) bie the ilue had dropped to O (9 microamp, despite 


that the ibsence of voltage during such a test 
sidered most severe 
show! thie I iphs 


wal data appended 


if. 150 volts d-c rating used as a standat 
uur experimental program. Capacitors of this 
ipproaching pilot productio and will be avail 

same quality level herein 
ile 
the temperature coefleient of capacity and 
factor for the pf. 150 volts d-c units have beet 
iz « It will be noted that 
coetlhe ent 
about 4 
while at the low temperature end some 


drop-off is noted 


plotted from 0» © to 


ibove room temperature the lemperature 
such as to cause an increase of capacity of only 
per cent it 125 ¢ 
decided 


than a « omparable 


although this value ts far less 
aluminum electrolytic capacitor Lhe 
behavior of the 


the high 


destructive 


power factor ts also of interest since at 
is no indication of self 
factor 

current as a ftunction ot 
plotted on log 
Keven at 125 C. the 
current is only 16 microamp., correspondin: to 
ohms leakawe 
The frequeney coethcient of power factor in the audio 
shown in Fig. 4. The factor 
frequency is typical of electrolytic 
livmit) the 


temperature end there 
lhnecrease it} powell 
leaka ‘¢ 


curve 


bieure shows the 


temperature This when paper 


would be essentially a straight line 


le akas ‘ 


ipproximately LO) meg resistance 


range ts increasing powel 
shown with increasing 
units but. in most cases. will not) seriously 
ipplications 

Room temperature characteristics of a large number 
heen subjected to life test at full rated 
ollage at 125 ¢ As shown in Fi >» the 
creases only slightly 


the 14 
but notin any way to an alarming 

of the changes 
leakayg 


microamp initially 


ot unit have 
capacity in 
on the order of 2 per cent, durin 


1) hr period. Power factor shows some increase 
level, The most strik 
which occurred during life test is the 
Ihe party ular units on test average 0.35 
Within 500 hr they had dropped to 
\t the end of 1000 hr they are approat h 
at the end of 1750 hr the 


was approximately O.] 


current 


0.04 microamp 
ing a stable state and average 
microamp, which corresponds 
It is felt that these 
data indicate an unusual level of stability at 125 


Initial ratings in the 125 ¢ 


to LO.000 megohms leakage resistance 


capacitor are tabulated 
although 
available It is known. 
that the low-temperature ca 


here. Kktehed foil units are ineluded complete 


data are however 


not presently 
pacitanee drop-off will be more 
pronounced with the etched foil units than with the plain 
foil in the low voltage 


In addition to the 


ratings 


values shown above, nonpolarized 


capacitors will be available as shown with the exceptior 


that in ven ¢ 


ipacity value will be half as great as 


it shown in the above table for any particular size 
nducted to date have shown that these capac 
meet all of the requirements of MIBL-C-25102 


vided reqquirement that ill am» ¢ 


ite replaced by 125 ( 


ambient test 


test conditions 





EXTERNAL THREAD? 


Metal 
Insert 
Molded in 


INTERNAL 
THREAD 


Insert 
Molded in 


MOLDED THREADS? 


Internal 
or 
External 


HOLDERS TO FIT? 


i 


Molded 
NYLON 
as well as 
Phenolic 


External or Internal Threads 


with or 
without 
prongs 


Pe 


MichincateWe a niin 


AND MANUFACTURING CO 


Long Distance 


PLASTICS .- root inc - COMPRESSION - INJECTION 


IN DIT-MCO AUTOMATIC 
CIRCUIT ANALYZER... 


... CAN MAKE 
THE EQUIVALENT OF 35,800 
SEPARATE HAND TESTS IN 
LESS THAN A MINUTE... AND 
NON-TECHNICAL PERSONNEL 
CAN DO THE WORK...MORE 
ACCURATELY THAN WAS EVER 
BEFORE POSSIBLE BY ANY 
HAND OR MACHINE METHOD! 


If your product involves complex electrical 
circuity, DIT-MCO can help you make it 
better and faster, at less cost. Write 
today for full details. 


Box05-19, 911 Broadway, Kansas City, Mo. « Phone HArrison 1-6484 


Partial List of DIT-MCO Use 
Bell Aircratt Corpo ion, Texas Division @ Bendix Avy n Corpo 
idney, New York - Bo irplane Compa 

n and Wichito, Kansas erican Bosch Arma Corpora 
ircratt Company ulsa, Oklahoma 
ircratt Corporation 

ory, White Oaks, Maryland 6 

rola, inc @ Temco Aircratt Corpe 

ines @ Convair @ Chance Vought 

Ine @ Radio Corporation of America 


ision Mtg. Corp 





another product improved aac 


R) 


(Rk 
cnem-o-so 


tops NEMA standards for Grade B-A-1 


BRAIDED ELECTRICAL SLEEVING 


Improved electrical properues are obtained by 
an application of chem-o-sol to braided fibre-glass 


sleeving used in this electrical component 


this chem-o-sol (like all chem-o-sols) has 
been tailor-made for a particular application, High 
heat endurance, up to 225 ¢ for over fifteen min 
utes, Can be sustained with no decomposition or loss 
of flexibility. Tough and abrasion-resistant, this 
chem-o-sol is available in all NEMA _ standard 
colors and shows no appreciable color change when 


submitted to high temperatures 


The electrical application above is just one of 
an infinite number at which chem-o-sol excels 
Improving old products or creating new ones is an 
old story for chem-o-sol. The free-flowing charac- 
teristics Of this liquid vinyl dispersion make its 
application as easy as falling off a log, regardless 
of what method ts used dipping, molding, spray 
ing, die-wiping, knife-coating or roller-coating 
For complete information on this amazing new 


basic material for modern industry 


Write for Bulletin 141 


Chemical Products vse 


KING PHILIP ROAD bd EAST PROVIDENCE, R. | 
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Metal Statistics 


Manufacturing consumers now face the 
problem of higher aluminum prices but 
are encouraged by an easier tendency 
in copper during the past month. Lead 
and zine prices were unchanged; silver 
fluctuated. 


ALUMINUM )§$ Qn top of a hectic copper market, aluminun 
price were boosted 1.50e a tb. Initial move was made by 
Kaiser Aluminum & Chemical. It was followed by Reynolds 
Metal and Aluminum Co. of America. Base price for stan 
dard aluminum pig rose to 24e a Ib; and for 90 per cent 
plus aluminum ingot to 25.90¢ a tb 
Purpose of the increases, according to company announce 
ment was to compensate for higher costs. It was em 
phasized, however, that higher prices would permit greater 
expansion of aluminum supplies for civilian use. In that 
respect there has been continued talk that aluminum is 
replacing copper in a wide variety of uses. With copper at 
Me and aluminum at 25.90¢ a Ib., it is obvious that thinking 
in that direction is becoming more pronounced. The only 
fly in the ointment is that the price of aluminum is moving 
up while copper seems definitely to be easing off 
\luminum producers went to Washington last) month to 
urge the Business and Defense Services Administration 
(BDSA) to issue no stockpile call for the second half of 
thie Veal o that more aluminum will be available for 
ilian manufacturers. They also asked restrictions on 
iluminum serap exports and urged that aluminum foil 
powder forgings and = castings — be declared controlled 
material 
Meanwhile, in order to meet the growing demand for the 
metal, both Reynolds and Kaiser announced expansion pro 
yram \luminum Co. of Canada has placed into operation 
new facilities that will boost smelter production by 30,000 
tons to 120,000 tons annually 
Recordbreaking levels continue to be hit by aluminum 
sutput in the United States. February production came to 
265.524.5460 |b. This was a decline from the longer January 
month but was still a record figure. First two-month out 
put totaled 546,312,214 Ib, an increase of 57,431,467 Ib 
over the same period last year 
In conformity with the trend in primary aluminum, secon 
dary aluminum moved higher at the start of April but by 
mid-month, the price began to ease off. A similar trend was 
noted in scrap 


COPPER. Producers stuck to their 46¢ price for the metal 


but smelter copper quotations began to dip during April 


Declines were also noted in copper scrap, a barometric 


indication of the trend during the latter part of the month 
It all started with a new price and sales formula for Chilean 
copper announced by Anaconda Copper Corp. Previously 
Anaconda had been selling all its copper (domestic and 


Chilean in the U.S. at 46e a lh. Under a new and com 
plic ited formula, Anaconda began to sell its Chilean copper 


in the LLS. on a price based on the quotation prevailing 





“Cendjx” 


Builds a Better Cable Clamp—the 


AN3057B 


Inexpensive, Efficient, Versatile 


The new Bendix AN approved AN3O57B cable clamp is 
now available. Engineered by Bendix to the highest-quality 
standards, this cable clamp offers major design improvements, 
‘The clamping action is radial and completely climinates 
wire strain and chafing by holding the wire bundle firmly in 
rubber. This clamp will accommodate a wide range of wire 
bundle sizes, but an even greater range can be handled 
through the use of the Bendix AN3120A) accessory tele- 
scoping sleeve. 

The new AN3057B cable clamp will also waterproof multi- 
conductor rubber-covered cable on the rear of a connector, 
or where moisture-proof entrance through a bulkhead or into 
an equipment box ts required. 


Complete detailed information is available on request. 


GT, SINTILLA DIVISION OF "22 yA 


SIDNEY, NEW YORK 


TO TRANSMIT ELECTRICAL SIGNALS 


in precision instruments 


- 


pt ot te 
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Paliney #7*, a Ney precious metal alloy, has been selected 
by Clarostat Mfg. Co., Inc.,",Dover, N.H., for use as wipers 
and sliders in their precision potentiometers. The use of 


this alloy assures long service and shelf life, excellent 


maintained linearity and low noise within close tolerances 


FHP Pe eee ee 
Ha 
eesssseccedl 
doi Ney offers many other precious metal alloys which bring 


Feet ern ges 


rH increased reliability to electrical or electronic precision 


throughout the life of the potentiometer 


+H = 
tttttttttt +t instruments. Like Paliney #7, they have excellent electrical 
Ha 

FHP teeter 


t} characteristics and resist tarnish. These alloys are widely 


used today in precision instruments throughout industry 
for sliding contacts, slip rings and assemblies, commutator 
segments and assemblies, brush and brush holder assem 
blies, and for precious metal resistance wire 
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The Ney Engineering Department will be glad to study 

- your particular contact problems and make suggestions and 
recommendations to improve the efficiency of your electri 
cal or electronic instruments. Call or write Ney today 
*Registered Trade Mark 


; 
+ 
+ 
t 


tt} tt} } (All contacts capsule- packed in plastic) 
? 


pena show Paliney #7 contacts used THE J. M. NEY CO. e 371 ELM ST., HARTFORD l, CONN. 


in this potentiometer manufactured 


Specialists in Precious Metal Metallurgy since 1812 
by Clarostat Mfg. Co., Inc 
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Your Dest buy ® 
for power supply — a en on a ae compe bs 


part of the labricator ind wire 


ea 
1714 copper 


price except itt Cuse ol emergen 


VMaanutacturing constmel were encouraged ils 1 


7 af eon ih crude copper output in Mareh Domestic out 
ROYAL uy that month hit 100.272 tons. an increase of LO.QLO 
lon Primary and scrap production totaled 112.867 ton 
new hig and an increase of 11.808 tons over Februar 
Shipments of refined copper in March were 141,590 tons, a 
compared with 139.383 tons in’ February. Stocks at the 
end of Mareh were 51.595 tons up $542 tons As if to re 
inforee the opinion that the copper situation was beginning 


even itself off. the BDSA announced that econd quartet 


ipply and demand should be in’ balance 


/ When you specify Royol, you 
} specify Cord Assemblies that will back SILVER Prices continued to fluctuate. On April 9. the 


wice Ww Ue o \ » silg ( y ‘ | 
your buying choice from purchase v a Dic an of. It went up signity during the ead 


March. then dropped down from its YL! ye price to about 


- order to performance record 


WH? 54 
i 


Refined ilver production in the Lnited States in Februat 
Royal Quality Engineered Cord totaled 7.648.000 fine oz. the highest monthly total since 
Assemblies are designed to provide Januar 1952 when output was 7.983.000 oz. February out 


' ’ 408 ‘ yt 
maximum operating efficiency plus put compared with 7,408,000 0z in January and 5,604,000 


| nge lif f lt f oz in Februar of last year bor the first two month of 1956 
oO *r service ite ora 228 0 : 

| Yt refined silver production amounted to 15,056,000) oz, at 
electrically-powered products increase of 2.053.000 07 over the figure in the comparabl 


ve 


ip 


period i veut 


As basic producers of flexible, 


lamp and service cords, Royal offers LEAD-ZINC Market ire being boosted b overnment 


a wide choice of stock and special ton kpiling More lead was said to have been offered last 


molds tora variety of caps, month than in a long time 


connectors and strain reliefs in rubber, Moderate activity in lead is reported, with business placed 
it 16.00c¢ a Ib New York. Mav buving may be more active 


neoprene, vinylite or polystyrene 
than was the case in April. But there's no evidence of an 


Royal cords can be furnished with 
in price. Domestic refined output of lead in February 


standard Royal attachments or can ms, a drop of 1.831 tons from January. Ship 


be custom-made to your specific ty came to 39YALL tons, a decline of 10.355 tons and the 
requirements Write us today m or any month since July 1955. Stocks in the hands 
of producers rose to 31,450 tons, up 8.981 tons. Zine activi 


as been somewhat better than in lead, although pricewise 


Ask for your copy of the there has been littl change. The 13%e price, East St 


NEW ROYAL CATALOG at continues to prey aloo ill trading 


Contains complete details 4 oeductio at ill vrades of zine wu Meare h came to 86.322 


on Royal Stock Molds “ 
oyal Stoc olds for anst 91.678 tons in kebruary Shipment totaled 
Caps, Connectors and 


Strain Reliefs : “a o i iwainst 6/82 mn in February Slab zine 
it the close of Mare} 


ROYAL ELECTRIC COMPANY, Inc. 
PAWTUCKET + RHODE ISLAND 1 mopany otheial 
mnventeal 
WIRE - FLEXIBLE CORD 
CORD ASSEMBLIES ~ FUSES 





AGASTAT 


AGASTAT 


time delay 
relays 


tu can seleet ex 


ur parti ilar timin 


art lists data on every popular model in the 


the most complete line of pore imatic time delay relays 


industry. They re adjustable for timing trom O.1 second 
or more minutes, unaflected by volt ige variation. dust 
light. and mountable in any position. And there 


tat model to prec isely fit vour 


in 
requirements, including 
o-step, ¢ lectrical interlock ind double head units. A vlan t 


he free selection chart tells you which model to order 


Write for your free copy to Dept. A26-521 


Elastic Stop Nut Corporation 
of America 


_— ew 


UAE ILO) 1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing 


Transformers, Saturable 
Reactors, Chokes, Special 
Windings and Electron 
Devices. Milliwatts to 50 
KVA, single or polyphase in 


all frequencies 


Complete design and engi- 
neering service. All modern 
techniques, encapsulation, 
casting, military and 


commercial construction 


And, we've got one asset 
you'll find especially helpful 
WE TRY HARDER! 


ELECTRAN MFG. CO. 


1901 CLYBOURN AVENUE + CHICAGO 14, ILLINOIS 


@ EXPERIENCE OF PROVEN PERFORMANCE 
OVER HALF A CENTURY. There 
> bstitute for the reliability of prover 
erformance. Top Names of the Natio 
justry have proven performance 
ENGINEERING DESIGNING 
PRODUCING QUALITY PRODUCTS 


© VERSATILITY WITH A WIDE RANGE OF 
DESIGN. MOTORS 20 v 2500 WP GENERATORS 'y thru 2000 


Kw Single Phase a he Direct ¢ 
Special Maratho 
fications 


irrent Standard 


design to meet your special spe 


@ SERVICE THROUGHOUT THE NATION. MARATHON ELECTRIC has 
DISTRICT OFFICE Representative near you. Call your AP Representa 


tive TODAY to help solve your motor problem 


MARATHON 
RERATED NEMA FRAMES 


provide 4 in 1 PROTECTION 
Drip Proof Weather Protected 
Splashproof Guarded 


MARATHON ELECTRIC'S new re 
rated NEMA frame design packs 
all these requirements into a single 
unit Available in standard 
ratings for high torque-compressor 
duty of low torque-fan duty, or 


made to your specifications 


SALES OFFICES IN PRINCIPAL CITIES 


~ 


MARATHON @ ELECTRIC 


HOME OFFICE AND FACTORY, WAUSAU, WIS 
FACTORIES AT ERIE, PA. AND EARLVILLE, ILL. 





SPECIAL 


AT LOW TOOL COST! 


Save money with Rogan’s 
stock molds modified to , 
meet your specifications, ~~~ 50 


4 ; 50 
wa > 
> o 
2 | 
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> * -) 
- > 

| = 
,—< 


V1 


440| i? 


COMPRESSION MOLDERS AND BRANDERS OF PLASTICS 


Rogan's stock molds greatly reduce 


your knob costs. Markings can be 


branded to fit your requirements 
Special shaft holes at nominal 
charge. Send for details on how 


to cul knob costs 


ROGAN BROTHERS 


8027 N. Monticello - Skokie, III 


Parts made of 


Dixon RULON 


never need lubrication 
Specify RULON for - 


VERY LOW FRICTION 

HIGH WEAR RESISTANCE 

GREAT CHEMICAL INERTNESS 

EXCELLENT DIELECTRIC PROPERTIES 

GOOD HEAT PROPERTIES UP TO 350 - 500 F 


Rulon is inherently slippery, requires no lubrica 
tion. This remarkable plastic offers most of the 
advantages of Teflon but has far greater wear 


resistance and better resistance to cold flow 


If you need one or all of Rulon’s special prop 
erties for bearings, bushings, slides, guides, 
cam followers, washers, spacers, or other parts 


consult us without obligation 


We supply both Rulon and Teflon in rods, tubes, 
sleeving, tape, extruded and molded shapes 


Write for detailed information 


DIXON CORPORATION 
BRISTOL 6, RHODE ISLAND 


consumers 


dinst 124.000 tons at tl nd of 1954. Zins 


that only too well 


MAGNESIUM 
ll effective April 16 by the Dow 


Primary mag im prices were boosted | 
Chemical Co The i! 
ease brings the price of primary pig to J54%4ce a ib and 
primat ; to 34 c a ID both fob Velasco lex Mi 
illovs were boosted 3'4c¢ a lb. and anodes were raised 6 
lb. Reason for the price boost was given as higher mate rial 
ind labor cost as well as higher transportation cost 
Primar magnesium production was down Ip bFebruary 
hipments were also lower. Ingot output was off with the 


keburary figure at 5908 tons, as against 645/ tons tn Janual 


NICKEL. Some relief may be due for consumers of nickel 
ind nickel products even though the situation ts still ver 
from normal. During the month ODM = authorized a 

m of close to 20,500,000 Ib of nickel for civilian in 

fustr This material had originally been scheduled to be 
vovernment. The ODM at first only diverted 
, 000.000 Ih and then raised it idditionally to meet 


Hhapepee cd oto the 
i 


qottie | 
the 20.500.000 Ib level. This will. of course, aid civilian con 
umers considerably. A major portion of the diversion will 
he for premium-priced ferro-nickel and nickel ingots 
Another heartening report was that a new ore-processin 
method ha been developed which may ease the nickel 
hortage. ODM said that several U. S. companies 
Nickel and nickel 


bearing scrap export quotas were unchanged for the second 


were plar 


ning to process low grade Cuban ores 


quarter 
Phere wa neo change in the quoted price ot 64 Me a lly 
for metallic nickel which most consumers contend is a fi 
titious price. Practically no niekel can be secured at that 
level 
January 


estimated at 20.760.000 Ib compared with 
December 


nickel consumption was up 12 per cent. It| was 
8.603.000 Ib in 


RHENIUM 


mercial production. As the metal becomes more available 


Khenium metal is reportedly coming into con 


according to these reports, it will first go into electrical and 
electronic applications. Prices are expected to range close 
to those of platinum, with supplies limited to about 1 to 10 


fons a eur 


SELENIUM 


January was 73,239 |b of contained selenium, or 14.5. per 


Metallic selenium output (and compounds } 


cent le than in) December The government announced 
tighter controls over exports of selenium-bearing scrap ma 
terials, effective April 1. But export quotas for selenium 
were unchanged from the first quarter. Pricewise, there wa 


ne change at $13.50 to $18 a Ib 


TIN. World tin consumption in January was estimated at 
1? 900 tons up 000 tons over December Export figures of 
Malayan tin showed that Ll. S. purchases in the Ist quarter 
fell 16.4 per cent; U. K. purchases fell 39.3 per cent but 
hurope in purchase were up 12.5 per cent Prices were 
fairly steady. The price on April 9 was 9914¢. In mid 


March it was about the same price 


STEEL Some of those prognosticators who earlier this year 
predicted a drop in consumption (based on automobile cut 
backs), have been confounded by the records that the steel 
industry is chalking up 

Production hit a peak of 10,921,000 tons in March for 
the sixth successive month in which output went over the 
10-million ton mark. Operations are well over the 90 per 
cent of 


And the big push is for an increase in steel prices. Some 


r 


ipacity level 


teel ofhcials are talking of a $10 to $15 a ton boost to cover 


expansion needs and higher raw material costs 





ONE FIBERGLAS SERVICE licks your 
appliance insulation design problems! 


. . Uf you’ve got HOT problems—designing a range =—S3 


_— << 
~ 


: e , . { 
water heater § || furnace ' incinerator$ Fi 
, ad 
> ~~ & _ aa 
‘ : = 
broiler | %:.% 5". roaster ~« | » toaster 


—— 


freezer insulated jug or food container | 
a 


. or NOISE problems—designing a vacuum cleaner { 


_» pte is ~ 
Trot . Le | ~ 
washer-dryer / air conditioner af a | 
= 


° ° F , ; ° a rn 
kitchen cabinet — _ 42% radio a ly TV LON 


ed 


... you'll be glad to know our 


APPLIANCE INSULATION DESIGN SERVICE has aiready 
successfully eliminated difficult problems of HEAT’, COLD and SOUND in 
every one of these appliances! Manufacturers have been able to save up to 
10% per unit insulation costs— while increasing product efficiency! How 
much will this Fiberglas service save you? 

Want full information on the impressive benefit the nation-wide multi-million dollar bibergla 

Fiberglas* Appliance Insulation Design Service label merchandising program that helps sell your 

can bring to your appliances and equipment’? products faster? Write today for Brochure 


Ready for the whole story on Fiberglas’ technical KA6.C2. Owens-Corning Fiberglas Corporation, 


assistance and research, fabrication facilities, and Dept. 193-k, Toledo 1, Ohio 
OWENS-CORNING 
Tiniecenashineumestiantiacaniemamiamne 


iD BERGLAS It’s amazing the difference Fiberglass makes! 
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Guide to Buying 


MATERIALS @ METALS @ ELECTRICAL G MECHANICAL PARTS e@ EQUIPMENT e FINISHES 





Products made or services 


rendered by 


engineering and manufacture 


advertisers in 


ELECTRICAL MANUFACTURING which 
of electrically operated machines 
to readers and advertisers 


sre used in the design 


appliances 


Data may be secured from advertise 
will supply any additional information which is available—use 


and equipment 
Publisher 


just preceding back cover 


a monthly service 


ments postcards appearing 





ACTUATORS 


aw 
we 


BALL SCREW BALANCING MACHINES 


ACTUATORS, SERVO 


BELT DORIVES ¢ Drives, Belt 


BENDERS, BRAKE and SHEARS 


in ‘ ‘ A 9068 N. Pitt 


1 
! 


BATTERIES. DRY BERYLLIUM COPPER (Rod, Strip, Tube 
{ X 4 | Wire 


BATTERY ELIMINATOR®S 


1 


BEAHINGS, BABBITT BIMETALS 


‘ 
BITS, SCREW and BOLT 


BEARINGS Miniature 


, BLADES, FAN 
AMMETERS se ‘ ¢ , ; 


AMPLIFIERS, ELECTRONIC 


HEARINGS BALL and 
Radial and Thrust 


ROLLER BLOCKS. PILLOW 
m ge Highwa 
Oak Milet 
I Philadelphia 


BLOCKS, TERMINAL 
& B I 


BLOWERS 
BOLTS 


BOXES and CRATES, WIREBOUND 


BEAKINGS and BUSHINGS ‘ r Packaging and Shipr 


LUBRICA if 
BF NT RETAININ H Ridgwa Box ( 
Chicago 8. I 


BOXES. METAL heet Metal F 


BRAKES. BENDING 


BRAKES MAGNETIC 


BEARINGS and 
Brass, Bronze 


BUSHINGS 
Steel, ete 


METAL 


BRASS BRONZE and 
Commercial Forms I 


COPPER 


ANODES. PLATING 


BEARINGS and BUSHINGS 
NON-METALLIC 


BRAZING ALLOYS. SILVER 


A Astor, Newar 


Watert 


ASBESTOS SLEEVING I ' ul J ’ ' and 
rape Ashest I ‘ t Ma 


on New York 


AUTOMATION EQUIPMENT 


jstrial Div Attle 


K Indianapolls 


BRONZE 


BRUSH CAPS 


BRUSHES CARBON 
METAL-GRAPHITE 
(or 059 
NY 
Marys. Pa 
at Maryse } 
oe (% a MH 


GRAPHITE 


BRUSH HOLDERS 
R 


BUSHINGS 

Bearing s 

Composition 

Fibre. See 

Glass See Ola 
Hermetic Seal. See 
Her 

Mica & 

Porcelain 

Rubber See 


ABINETS 


SHEET METAL 
{ I ‘ 


ABLE 


ABLE ASSEMBLIES and HARNESSES 


& Assemblies, W 


AMBRIC VARNISHED 


APACITORS 


Marsha 


Bt. Mary 


CARBON and 
Electrodes 
Piles, Plates 
ete 


GRAPHITE 
Anodes Bearings 
Plungers, Rings 


Contacts 
Dises 
Seals 


CASTINGS. ALUMINUM and 
MAGNESIUM ea Ca 


‘ f America Al 


CASTINGS, BRASS, BRONZE 


Ir ' trase Cor 


Mallor 


COPPER 


ASTINGS, DIE 





KINGSLEY Wire Marking 


eliminates costly color coding 
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With a Kingsley Machine you can permanently 


| 


mark each wire or piece of plastic tubing with 


its own individual circuit number and reduce 


fad 


’ 


inventories of color coded wire to a single, less 


lidaede 
a 


costly, plain colo 


For over 12 years the Kingsley wire marking 


process has been saving production time, and 


\ 


money for leading aircraft and electrical manu 


facturers. Over 90% of all wire marking today 


is done on Kingsley Machines using Kingsley 
Type and Kingsley Marking Foil a com 


pletely integrated process 


TT LALLA LAA AAA 


a 
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- 
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Kingsley Wire Marking will speed up produc 
tion time, simplify your assembly methods and 
reduce your customer service problems. Write 


MACHINE SCREWS AND SPECIAL FASTENERS ARE OUR BUSINESS us for complete information. We will be glad 
... INCLUDING SQUARE AND HEXAGON MACHINE SCREW NUTS 


to mark samples of your wire or tubing and 


| p RO G R E $$ | V E make recommendations at no cost or obligation 
| THE 


| MANUFACTURING COMPANY STAMPING 
ceed one | NUE ver Torrington Company K | N G S LE Y MACH IN F co. 
OUR CATALOG 44 Norwood St., Torrington, Conn. 850 CAHUENGA. HOLLYWOOD 38. CALIF 


PRECEDING BACK COVER 373 





Biss: new tool for purchasing agents and design 


ers permits actual visual fabrication of hundreds 


of cord sets and power supply cords... at your 


desk ina few short moment 


Simplified charts give quick selection of ip 
roved wire for your specific product ind all 
Cords, Lid. types of standard plugs and conne« 
tors that are best adapted to it. The dial side of 
the Cordinator then permit irsual construction 


of the Cord Set you have selected 


All wire, plugs and connectors are tandard 


ed components which minimize cost 


you scheduled deliver 


For your Cordinator... 


ask your Purchasing Department to send 


for this cost-reduction tool 


CORDS LIMITED 


DIVISION ESSEX WIRE CORPORATION 
121 DODGE STREET, DEKALB, ILLINOIS 


Coro setts 


CASTINGS. INVESTMENT 


CASTINGS. LEAD 


CATHODE RAY TUBES 
‘ 6 Ka 


CEMENT, INSULATING and 


I ‘ 


CHAMBERS 


CHARGERS. BATTERY 


« { 


CHARGERS 
* Dp 


CHOPPERS, ELECTRONIC 


CIRCUIT BREAKERS 


CIRCUIT STRUCTURES. ELE 


CIRCUITS, ETCHED. PRINT 


auk 
tronics Div 


CLAMPS and CLIPS GROUND and 
TEST 


SEALING 


CLAMPS and CLIPS, SUPPORT 
Holub I r In 445 «OF 


nore 


CLEANING COMPOUNDS, METAL 
Zophar M I 6 28th, Brook 
N. ¥ 


CLIPS, SNAP 


CLOTH INSULATING 


CLOTH TRACING 
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CLUTCHES 
Ma i 
Mfg. ( Dynamatle 
Magnet 
23605 Ho 


COAKIAL CABLE 
I 


COIL CORES and FORMS 


4 | ‘ 


COILS and WINDINGS 


4 \ ‘ Dixw 


CTRONK 
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ED, ETu 


rd. Mass coiL WINDING MACHINES 


Ma 


Brock Bor M 





ONTAINERS. PACKAGING and SHIP 
PING B Crates, Wire 


Pa 
OLD HEADED PARTS a 
OMMUTATORS pede oti, OW THERE'S A BRONSON 
: and 
P CONTRACT MANUFACTURING ieetrnia ans . 
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CONTROLLERS MOTOR 
OMMUTATOR SAWS and SLOTTERS 


| PRICE-SAVER 
OMPOUNDS. SEALING : ’ ‘ : ! FAN BLADES 


’ find R 
COMPOUNDS. VARNISH ; ’ . tandard eq 
F , free air 


' Reco 
COMPUTER COMPONENTS = 


and 


| 
| 
| 


M \ . y 


CONTROLLERS POTENTIOMETER FEATURES 
ONDENSERS ‘ 


ONDUIT FITTINGS I r f | 


Performance data avaliable. Wide selection of other 
biade types for every air moving application. Ask tor 
CE VEL , a a wee recommendations 


CONTROLS, PRESSURE and TEMPER 


: , 
ATURE Hela ‘ ' 
gar ilap ines Mhermosta SoM FAN MANUFACTURING CORP 
\ ae ‘ hm, EM 
4 ’ 2 ) . : . - 446 3 


CONNECTORS, WIRE 


Dept 


Worth Street A eles 63, Califorr 


Mag 


Conn 
strument D 
j 


Ashland, Mase 
lywood Plaza 


CONTROLS, REMOTE. See 


CONTACTORS. MAGNETIC 


CONTROLS. RESISTANCE 
ONTACTS and CONTACT POINTS 


CONTROLS SERVO 


CONVEYORS INDUSTRIAL 


COPPER 


COPPER, BERYLLIUM 


CORD and TWINE ARMATURE and 
coil 


ONTACTS CARBON 


CONTACTS, HEATER PLUG 


CORD INSULATED 





NEW 


G-E CATALOG IS 
QUICK REFERENCE 
FOR 
MEASURING 
EQUIPMENT 


Aeee BIG HELP IN : 


pest 


The New 


JONES 
FANNING 


STRIP 


Connections are made 
through Fanning Strip 
on bench of anywhere 
apart trom barrier strip, 
and quickly slipped 
into assembly 


Designed for use 
with Jones Barrier 
Terminal Strips 
Nos. 141 and 142, 
1 to 20 ter- 


minals. 


for 


Simplities and facilitates soldering 
positive correct connections. Saves 
ideal tor harness or cable assembly 
construction Brass terminals 
plated Heavy bakelite mounting 


insures 
time 

Strong 

cadmium 


Or 


Cinch man 


sussiOlAeY OF 


CORD. RESISTANCE LINE 


ORD SETS 


Ma 
M 


CORES POWDERED METAL 


{ 
REFRACTORY 


TRANSFORMER 


CORK COMPOSITIONS 


PLINGS CLUTCH 


OUPLINGS 


a is 


KRYSTAL 


FLEXIBLE 
Dynan 


DIODES. See Re 
Transistors & Cry 


RYSTALS, QUARTZ 


YLINDERS. AIR 
i we Akr 


DAMPING DEVICES 
‘ } 


DECALCOMANIAS 


DELAY LINES 


DIAL LIGHT 


ASSEMBLIES 
A 4 


yr 
DIALS 


and PANELS 


‘ ( x 


DIE CASTINGS 


DIE ELECTRIC HEATING UNITS 


liea « 


9-161 


DIE-SETTING TOOLS 


Fanning 
Strip 
Pat 

ipplied 


DIES. PRECISION, LAMINATION 


B. Jones Division 


FACTUBING CORPORATION 


TM ee a 


et 


DRAFTING EQUIPMENT 
MATERIALS 


ORIVES. BELT 


DRIVES 
i ‘ 


ELECTRONIC 


DUCTS WIRING Centre| Panel 


I 
M 


DUPLICATING MACHINES DIELESS 


DYNAMOMETERS 


ELECTRICAL SHEETS 


ELECTRONIC COMPONENTS 


ELECTRONIC 
Bases, Caps 
q Weld et 


TUBE COMPONENTS 
Lead.in Wire Stan 


ENAMELING SHEETS 


ENAMELS 


EYELETS and 


GROMMETS 


FABRICS 
Yarns 


INSULATING Sheets 
Thread. Cord, Ete 


a r Cotto 


Tapes 





FANS and 
Manuf 

4 
Dover 
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FASTENERS Bolts 4 


Snap Assemblies Pins 


Washers “a 
Screws; Rivets 


Screws 


and Nuts 
Kb 


Snap Assemblies 
M 


embled Washers 


Screws 


Nuts Lock & 
Pre-assembled 

Recessed Head 
Washers 


and Screws 


Kecessed 


Head 


Serews 


kfor 


STANDARD BRISTOL SOCKET SCREWS. Pocket slide rule 
ite ‘ 


Miniature socket screws for 
electronic equipment, instruments, 
and other small components 


At Bristol 


hth) , Ki 


indi 


And we're also specialists 11) tin 


Theyre standard at Bristo ize 


in both he 


é from 
nd Bristol 


mad tainle tec] 


1 inch 


] | 
Precision socket screws liive bee! 


Bri tol | rduct 


nee 1913. And ( e been turning out miniature 
ocket scre. 1) the million mee LODO. In tact we 


now bri tol Multiple Spline ocket 


rirnatedt the tial 
Bristol Multiple-Spline socket screws Cari be wrenched 
p tighter and hold tighter than other socket sere 
ocket 


wrenching force into rota 


Cx il like teeth itt the multiple pline 
form all internal 


powe! iid protect tiny this \ lle cle iviuinst 


tripped cket 


Today’s automatic and semi-automatic production 
technique ocket 


used by the millions ever ivoun 


pose no problem for Bristol 


puter guided missile ind such 


ict iS razol ima unera And 
tol thru-broached socket | 


en more in line with the trend 


ol ocket cre 


rite the Bristo 


Precision Socket Screw Manufacturers Since 1913 


Bristol's Hex Socket Screws 


Bristol's Multiple 


! 
i 
| | ab Spline Socket 
| Screws 
i 
' 
i 
i 


ovitollGs 


THE BRISTOL COMPANY, Socket Screw Division, Waterbury 20, Co 
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STAHUN BROTHERS 
a ee Se 
ere aa 


Panel Chanel wiring duct 


KEEPS ITS SHAPE 


*® Superior heat resistance 


® Superior moisture resistance 


Specily Panel Chanel the 


that 


laminated plastic 


ing duct 


will not distort under high 


control panel temper ture It momture resistant 


And Panel 


layout, saves 


tom wont wil 
Chanel 


inith 


or warp out ol shape 


i vipolatne s control 


pam | 


time, Case ming chanves 


Most complete 
variety of sizes and types to fit sper ific apple ations 


coupon — — -——- -—— 


Peter Chanel 


re holding a copy of the 


Panel says 


new Panel Chanel catolog 
for yor To be sure you'll 
attach this 


get it right away 


covpon to your letter 


head and mail 


See Hoot! 


ign Engineers St Philadelphia 


ee eg 
STAHLIN BROTHERS FIBRE WORKS, INC. 


EL me i | 


WORLD'S LARGEST PRODUCER OF PLASTIC WIRING DUCT 


KXILIARIES 
a 5 Compen 
( Starter and 
r ! t ee Re 


ORESCENT LAMP A 


WIRE MARKING 
FOOT SWITCHES 


FORGINGS 


FREQUENCY METERS 


FUSE 
CLIPS 


HOLDERS MOUNTINGS and 


{ 
M 
' 


ineering Norwalk 


GAGES TEMPERATURE 
and VACUUM 


PRESSURE 


FIBRE PHENOLIC 


GALVANOMETERS 


FIBRE VULCANIZED GASKETS 


FILTER 
METAL 


ELEMENTS POWDERED 


LTERS, RADIO 


GEARMOTORS 


Clear 
Parmele 


1 


ney) 


FINISHES PRODUCT 





Males 


wet THE FAMOUS BENDER 


We ’ e tri "Dp Chateway a 
‘ r sidg No 01 LAberty Ave T T E R 
HIGH NICKEL ALLOYS. See N 1 j c U 
k 4 


HOLDERS, COMMUTATOR BRUSH Produces Without Q Special 
Sa as Tooling — Saves Die Costs 
nese Semdes , Saves on Expensive Presses 


W. Lake 


GENERATORS 


The illustration at the left shows a few 
GENERATORS 


pieces produced on our famous Multi 
form Bender-Cutter. This efficient 
“ost : machine is useful in all lines of trade 
ie : Spring Plants, Radio and Electrical 
MATING COMPOUNDS. See Co , Equipment Mfrs. Complete with tool 
on ing for Bending Material up to Va 
12 
INDICATORS, HEAT See Thern 


& Uni 


IMPREG 


‘ 4 HAND OPERATED 
r : MODEL 
INDICATORS, SPEED. See achome , r 


INDUCTION HEATING 
i Hea ge Units 


INFRA-RED LAMPS. See La 


& Infra 


INSTRUMENTS, ELECTRICAL MEAS 
URING and TESTING 
Acme WMlectr Corp Cuba, N.Y 
Aerovox Cory New Bedford, Mass 
Asseml Products li Chesterland 14 
GLASS-.FIBER YARNS, CLOTHS and 
TAPE See Fal I ng 


ila “ 


44 Belmont 
GLASS, TECHNICAL 
i useul Ma 
i ir Am rp., 45-01 thern Blvd 
‘ I . ale i 


I OM i 9 iway Kaneas 4 J] -_ 
GOLD, ROLLED. (Plate and Wire , a _— 


f Minneapolis. Honeywell)! 
Kd Boston 35, Mase om’ a 
e and Radio Co Div of 
ational ee ane ne omenn 
00 Kingsland Ra4., Clifton 
fleld ‘ir 7 pe ticiceweel a NY. Air Operated : FIVE-IN-ONE-TOOL Larger Models Available 
General Hlectric Co.. Apparatus Sales | Models in This iT BENDS FLAT AND ROUND STOCK INTO 
ee a a And Larger sizes ANY SHAPE. CUTS AND PUNCHES FLAT STOCK 
justries, Inc., 212 Durham Ave, Me 906 NORTH PITCHER ST 
tueten. BS. ¢ a aa bs RICHARDS co. KALAMAZOO 13f, MICH 
Holub Industries, Ir 145 Kim. Sycamore 
+: Crant iy 
GRAPHITE ? , nm Electronics, I PO. Box 749 
wiena alif 
GREASE, BEARING Cg oo 008 Park Ave 
Dow Corning Corp., M 
, setrial Test Equipment Co, 55 KB llth 
New York N. ¥ 
GRIPS and CLAMPS, STRAIN RELIEF Ay ge por pg im P.O, Bes 
Fastex D f : Ww ay Ank Aviation, I Sub of General Ire 
" Fauipment Cory Binghamton 


Co I I, Oe y air Oakes 
Pasadena, Calif 
National Pneumatic Ce Ine Holtzer 
Cabot Div 125 Amory, Boater } Mas 
*hacstror % 1 Pasadena Ave 8 
ASSEMBLIES, WIRE " 
Ma Brock ‘ ‘ N.Y 
America, Tube D Har 


00 W. MeKinzie 


Mlectronica Corp 
Oak H4 


445-68 
° 


time switches — 

motor starters — 

lighting — equipment 
control — all applications 


requiring complete reliability and long service life. 
INSTRUMENTS. ELECTRONIC 
HEADPHONES and HEADSETS ae eeu caren a 
itr KMieetronica ¢ 4 l’erkine Ave 


replaced. Full floating armature permits perfect 
Cleveland 14, Obi > 
Doeicam, Div. of Minneapolis Honeywell magnetic seating, silences AC hum 
Soldiers Mield Rd., Boston 35, Mass 
Du Mont aboratories Ine Allien B., 760 
Bloomfield Ave., Clifton, N. J 
Federal Te me and Radio (o., Div. of 
Internationa ‘elephone and Telegraph 
HEATING ELEMENTS and UNITS oa ie nn nd. Cilften, Mod Coil will not overheat in 24-hr. continuous service. 
iriver Wilbur B 50 Riverside Gene ectr 


Coa Apparatus Sales Div 
, Newark 4. N J ’ 


«henectad N Zenith contactors are made for severe 
Flectr : pperatis : ; 7 ; 


All parts are accessible readily inspected, easily 


Contacts are copper to copper. Heavy compres- 
sion springs assure contact pressure, quic k opening 


rurtia etuche duty. Capacities to 400 amps 
New Yor ydu $ f j é la 
Daavers 2, Mas “Tith, New York SN. Y. Send for this handy new bulletin 
(“ 1362 Fergusece lLéAbras yA Wester 
160 Mercer. Magne ‘Amplifier Los See classified telephone directory 


-- ) ‘ buts 
Wiegand in L $0 Thomas ftadio Cor hi ) ile for name of loc al distributor 
B *\ttsburgh , ’ N 


HERMETIC SEALS. Hee Beals and Ter 


ee eee ZENITH ELECTRIC C 


HIGH-FREQUENCY HEATING UNITS 7O RB "2431 Po ‘ 152 WEST WALTON STREET + CHICAGO 10, ILLINOIS 


Allis Chalmers, Milwaukee 1, Wis 





DIMENSIONS 


PYSENSTTIVE = 


Vv? 'g 
Lad ; Vr 
{ oY — Sein 
wre | fh aah 
*,. ) “s 


is) ; 
te Pia 


% small 


UY ° y) 
OJ» \r 
%) rugged 4 
“6S | 


VEW SERIES 100 RELAY 
(Hermetically Sealed) 


Pa of the 


Tron is the designing of components mall enough and 


THE 


greatest challenges in the field of ele 


rugged enough for toda and tomorrow miractk ma 


chine ind equipment 
I hye engine! of Wheelock Signal Dive imwa slert 
thi hallenwe pony olier the new Serie 100) Miniatu 
heh i on ! it ille ! iid) thigest 
hevtilole-prode ) It maintains higt 
itig conditton ind ideall wilted to 


nt a mislitag thie isstile control whieh on 


atreu “ “ ibration ind temperature 


Write now for Bulletin SR—2 


Engineering 
Representatives 
in Principal Cities 


THE MICRO’BALANCING MODEL $U=6 


completely electronic in detection and location of 
unbalance 


low cost, and extremely simple to operate 

bench model, needs little space and fixturization 

specially designed to handle any rotating body 

from 4 oz. to 100 Ibs. and diameters up to 20”. 
WRITE FOR SPECS AND PRICES! 


Designed and manufactured by the most famous name in 


dynamic balancers 


MICRO BALANCING, INC. 


Herricks Road, Garden City Park, N. ¥ 


INSTRUMENTS 
STANDARD 


e Fle 
5 ‘ 


LABORATORY 


INSULATING MATERIALS 


INSULATION. WIRE and CABLE 


Ceran and Synthetic 


! 
y 


IRONS SOLDERING 


ISOLATORS VIBRATION and SHOCK 


JEWEL LIGHT ASSEMBLIES 
KNOBS CAPS 


and HANDLES MOLDED 


LACQUERS ENAMELS PAINTS and 
VARNISHES FINISHING 


M 


LAMINATED METALS. PRECIOUS ane 
BASE Sheet, Tube and Wire 


LAMINATED PLASTICS 


LAMINATIONS. MOTOR and 
TRANSFORMER 


LAMPS. FLUORESCENT 


LAMPS INCANDESCENT and 
INFRA-RED 


LAMPS. MERCURY VAPOR 


LAMPS MINIATURE Pilot and 


LAVA 


LAYOUT FLUID 


LENSES. PRESSED GLASS 


LIGHTING FIXTURES 
{ f 


IGHTS, PILOT and INDICATOR 


Ib 


LOCKNUTS and LOCK WASHERS 


BRICANTS 
LUBRICANTS. OIL and GREASE 


‘ . } 


LUGS and TERMINALS 


MACHINES 





MAGNETIC AMPLIFIERS 


ar ) ‘mM 


Freed 


MAGNETIC BRAKES 


MAGNETIC MATERIALS 


rica Maer 
| r ¢ 


MAGNETIC 


RECORDER COMPONENTS 


DEMAGNETIZERS 


MAGNETIZERS and 
r at I 


Rad } 
I 


MAGNETS, PERMANENT 


( Mar 
Genera 


MAGNET WIRE 


MARKERS. IDENTIFICATION 


MARKING 
(For 


MACHINES 
Marking Wire 


and 


DEVICES 
Plates, ete 


Ave 


MERCURY RELAYS 


MERCURY SWITCHES 


METALLIZING 


Meta | 
% ‘ 


EQUIPMENT 


METALS LAMINATED 
M & | 


METALS PRECIOUS 


METALS 


{ 


PRE-PLATED 


METALS 


RARE 
i ‘ 


METAL STAMPING 


A 


TOOLS 


METERS 


MICA GLASS-BONDED 


I Mica 


MICA. MOLDED and LAMINATED 
(Sheets Plate Tape Tubes Rings 
Segments, Washers, ete 


MICA UNDERCUTTERS 


MICROPHONES 


MOLDED INSULATION and MOLDED 
PRODUCTS. 8 ( Mica, I’la 


Rubber 


first again with new OUT-AHEAD design! 
MOLYBDENUM Sheet and Wire 


when space, ratings, cost and precision engi- 


M neering are determining factors specify 


MOTOR BASES, ADJUSTABLE 


filwaukee \ 


‘ ' > 
MOTOR CONTROLS and STARTERS WC 


preset, snap action, non-adjustable 


THERMOSTATS 


MOTOR GENEKATOR SETS 


I 


MOTORS and 


GENERATORS 


MOUNTINGS 


T RUBBE’ 
SYNTHETIC 


and 


for operating femperatures up to 350°F 


Nn 


MOVEMENTS and 


CLOCK TIMING 


NAME and 


INSTRUCTION PLATES 


TYPE EA 


Best for 


suited con 


trolling temperatures 
NICKEL 


Rod 


and 
Sheet 


NICKEL 
Tubing 


ID 


ms F in air streams Can 
Wir \ . 
be furnished with en 


closed or exposed 


actual size 


bimetal dise 


TYPE EC 


Designed for surface 


mounting. Furnished 


with exposed bimera 


dise only 


NICKEL-SILVER 
Rod, Sheet, Tubing 


HIGH CAPACITY RATINGS* 


RESISTIVE HEATER LOAD 
6,000 Watts, 240 Volts A.C 
3,000 Watts, 120 Volts A.C 


Wire 


INDUCTIVE FAN OR BLOWER MOTOR 


NON-MAGNETIC , 120 and 240 Volts A.C 


1RON and STEEL ls h.p 


NUTS 


PILOT DUTY 


NUT RUNNERS 125 Volt 


120/240 Volts A.C 


Amperes 


OHMETERS MILLIVOLT DUTY 


OILERS 20 to 750 Millivolts 


OSCILLATORS Ratings listed by Underwriters Laboratories 


OSCILLOSCOPES 
Me 


ee aeas hee Type E Series Thermostats are for single pole, single throw 
T operation and can be supplied with normally open or closed 
contacts. E Series Thermostats are available with inclined blade, 

horizontal blade, or screw terminals 


Minimum production order quantity accepted--25 


SPECIFY WITH CONFIDENCE 


PACKAGING 


PACKINGS 


THERM-O-DISC, 


MANSFIELD, 


incorporated 
OHIO 


PAINTS 


PALLADIUM 





MOTORS 


DOES 

THIS 

RUBBER PART 
BELONG IN 
YOUR PRODUCT? 


ming 


The most important factor about any rub 
ber part is its ability to do the job for 
which it is intended. Most parts are spe 
cifically engineered for the application 

and consideration is given to elasticity 
temperatures to be encountered as well as 
resistance to petroleum derivatives, chem 


icals and abrasion 


STALWART ENGINEERS have the experi 


ence and facilities to compound 


special 
rubber stocks to meet even the most unusual 
requirements and from more than 500 
different compounds already at their dis 
posal, they can mold, extrude, die-cut 
lathe-cut or mandrel-build shapes to meet 


any specifications 


SPECIFY STALWART RUBBER PARTS FOR 
THAT ONE ESSENTIAL QUALITY THE 
ABILITY TO DO A JOB BEST! 


Write today for 
catalog 56-SR-3 


a) 
TALWART 


RUBBER COMPANY 


197 Northfield Road * Bedford, Ohio 
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ve., Schiller Park, I Fr 
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ring ¢ Electrical Div 
Manufacturing Somer 
BCFHEKNY Mer 
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0 N 
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a2 Centra 


\BEFIQT! 


BCDEFGOHI 


FOIKLMNOPUVWY 
( Ir 174 V 
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Mig. ¢ 
<LMOR 
I 


KHCDPFPOHYZA& 
M_Laboratori« I 
! I 
Apparat 
.. 2 
BCDEPORIKLMNOPQRSTUVWYZ&) 
i ral Ind ries Co. Dept. MI I 
Ont RQYZ 
he Ind r 
ne 
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henecta 


Mf ( 
ARCDE 
A W 34 
‘ CXF 
f I 
or ABCYZ 
‘ 685 Lawrence 
BCDEFZ 
‘ 


‘ 
‘ 12890 Filme 
‘ 


’ BCEFGIT 


OPQKT 


i or 
Electr Mfg 
FGKLQRUY 
umb Electr ‘ 
GHIQKBZ 
Ieland Electri ( Div of 
Machine and Foundry Co., 
Ohio (FGKLNOUY 
Marathon Electric Mfg. Corp Cherry & 
Randolph, Wausau m (FGKLNOUY 
Marco Industries, Ine Woemeledorf. Pa 
Maater Flectric ‘ Daytor Onte 
(FGIKLMNOPQRTUVW 
Motoresearch Co 600 Junction Ra 
ine, Wis BQY 
Oster Manufacturing ¢ J 
BCFGHUVY& 


o (BCDEF 


Americar 
Dayton 1 


Klectr D ‘ 
Warre Ohlo FG 
T s, Ir 

I GOH 

Corp 009 Kewa 

RCDFPGHYZ& 

& Engineering 

Ivanhoe Rd, ¢ elar ! 
FOKLNOV 
and Electr 


& Myers I Motor 
t Ont BCDEFG 
Manufacturing Co I 
R Y FK) 


I I 


Pr. ©. Box 
FKNQY 

464n4 OP outt 
FOKLNYZ 

orp., Gateway Cen 
i Liberty Ave 
BCDEFPGHIKLM 


ee 


PANEL CONTROL UNITS 
A bradley ¢ 6 8 
eo 4, W 
w. Hart & Hegeman } 
rne, Hartford 
Water 


152nd 
Moline 1 
aratus Sales Div 


Pium, Tren 


th 


Gateway Cer 


Liberty Ave 


Dty Barber-Colman 
Rockford, Il 


PANELS, DIAL. See Dials and Pane 


PANELS, SHEET STEEL Bee Sheet 


Meta Fabricat 


PAPER, INDUSTRIAL 


er ( I 
Mass 
& Vose Co East 


er } s Co Dept. EM 
Wiles 

a Pulp and Paper Co 230 
New York 17, N. ¥ 


PAPER, INSULATING 


e ( l Dizwell Ave., New 
Conr 
Dia {1 Fibre Div. of The 
I Newark 13, Del 
Ir 88 Purchase 


we Co., East Walpole 


acturers Cort 565 W 
n Blvd Chicago 6, Til 
gtor Div Minnesota Mining a 
Manufacturing Co 9 Argyle Terrace 
Ir gton 11, N. J 
ille Bor 60 New York 16 


Mica 1 ; henectady 1 on 
‘ Det 


PAPER. PHOTOGRAPHIC REPRO 
DUCTION 


Ave ‘ 


PAPER TRACING 
1 I 


PARTS FEEDERS, SELECTIVE 
Syntr ‘ Homer ¢ Pa (Vv 


PERMANENT MAGNETS See Mag 
Permane 


PHOSPHOR BRONZE 
(Red, Sheet, Tubing, Wire 


ELECTRICAL 





I a 
Aceta 
A mo 
yi Chioride 
Chioride 


PHOTOELECTRIC CELLS and TUBES 
Bradley Laboratori I B nt 
Ave., New Haven 1 Con 
veneral Ff r 
Blectronics Pari 
laternatior Rectit 
Grand Ave I on Carbide & 
Madison Ave New 
EFHJIMQUY 
y 1 Chemical & Dye 
Cor New York 6, N. Y¥ 
CONTROLS America, 290 Ferry 


Rad rt Ar 


PHOTOELECTRIC 


{ America, Textile Div 
Cc A 
Plastics Div., 627 Green 
York, N. ¥. (U) 

Midland, Mich 5 
je Nemours & ( Inc.), B. I 
als Dept Wilmington os 

" r bl ADGKLPR 
Frel uyse d y ir ee I r P . Di Hooker Flectro 
0 | Walck Rad N 
. ona ja, N. Y E) (Casting HKesins 
PILLOW BLOCKS eB ‘ ! at sf Deednats. fms Kings 

All) 
C Chemical Div i 
Pittefield, Mass. (EFQR 
Gienridge Rd Cleve 


PINS, COTTER and LOCK 


PLASTICS, COLD MOLDED and th rt i 
INORGANIC See Ceramics i Ohio (Q 
( Chemical ( B Fr Dept 
“leve 15 hi 
PLASTICS MOLDERS EXTRUDERS ae Hose Bidg Cleveland Oo 
and FABRICATORS a it a eee te 
Alden Prox N. Mal Brock U 
t slation Manufacturers Corp 565 W 
w Freedom Washington Bivd., Chicago 6, Tl 
Ke g Co., M. W Chemical Mfg. Div 
36th Danforth Ave Jersey City 5, N J. (P 
Island f ‘ ci i M ae & Mfg. Co., Flectrica 
Manuf f t “. set it 0 Fauquier Ave Bt 


idletow , 6. Minr 


rber ~( to Chen al Co 


$ ) Db Plastics Div 
Rockford ringfiel M 


ass. (CEFV 
Sheboygan, Wis 
of Penna., 2120 Fairmont 
GP 
‘orp Roseland, N. Jj. (P) 
Brothers, 8027 N. Monticello Ave 
CEJ 
Lafayette, Ind. (H 
Corp., 50 W Oth, New 
; (D) 
», Camden 1, N. J. (P 
Rockefeller Center, New 


eering Co 


I 
M 
Chicago 1 
Rogers Manuf PLASTICS, SHEETS, RODS and TUBES 
eapolis H, M ? Aireraft-Marine Products In Chemica 
re Gray ¢ ine & Dielectrics Div., 155 Park, Elizabeth 
Ohie . aes @ wn Pa (Dielectric Sheets) 
- Cort Bristol 6 ; = pi Chicago Molded Products 
e Resistor Corp ’ rie i 17 N. Normandy Ave., Chi 
wie * 1 ‘ v: Ii Sheets only) 
rmica Co Deis ' Ave und Container Co., 6201 Barbertor 
Ave Cleveland 2, Ohlo «Tuhea 
ental Can Co., Conolite Div wi 
. ‘ — ington 99, Del 
Garlock Packing ¢ peat, + ee , Continental-Diamond Fibre Div. of The 
neral Electric | C al Div., 2 Budd Co., Inc., Newark 18, Del 
Plastics Ave i Mass, . Dixon Corp., Bristol 6, R. 1 
he ee r > Beechwood formica Co., 4614 Spring Grove Ave 
e ew vel aoote ae ce 
ngtor dD r M ne & ei tri ‘Co. Chemical Div 
Mar ifs turing ae Argyle Terrace "Lastic Ave Pittsfield. Mass 
were 5 , yener Hectrie Co., Laminated and 1 
n & Jacob M t pont Co., 1204 sulating Products Dept., Cost n, Oni 
* < ar i si on t Cort 13 Glenridge 
re-Kasch r Ohio 
Dayton 1. Ohi f Manufacturing ¢ 801 W. 12th 
undex Manufactur i. “aaa ™ 
- - ~ rie a 
-, oege So I tc NOY Houghton Laboratortes Ir Olean. N. ¥ 
+ neu alo 4 > e e Aggy s 


iweet Molding & Mfg. Co Gurnee 


20 River Road 


{ level 
Broadway > . S 


I 1 Manufacturers Corr 565 W 
Washington Blvd., Chicago 6, Ti 

6, J Wilming Mica Insulator Co,, Schenectady 1. N. ¥ 
ee te =—5 Molded Fiberglass Sheet Co., 4315 Bene 
atvar Corp., 207 Randolph Ave., Wood- .,, a Vv <= ce Pens . 
bridge, N. J ar a ee ' 
*halo Plastics Corp., Commercial & Fos 

r, Worcester 8 “lass 

ymer Corp. of Penna 2120 Fairmont 
Ave Reading. i’a 

meelain Products in Findlay, Ohio 
taybestoe-Manhattan, In Plastic Prod Tube Ce 2035BR W. Cha 

te Div Manheir Pa sgo 47. I 

a Industries, lr Santa Barbara, , stofies Cort Hoseland 
Call : 8 Jos 
sistofiex Cort on Kyerson & on, Ir neph 


; I 
“ichardson Co ) Lake, Melrose Park, gosuiding Fibre ( 


I ee 
toga Brothers y2 N. Mont lilo Ave r Fibre Co 
Skokie = Rubber Coa. 
cago 29. TU 
} 6 Eleetri 


ational Vulcanized Fibre ¢ 


Wilming 


Polymer Corp. of Penna., 21? 
Ave., Reading, Pa 

Kestr Industries Ine Banta Barbera 
Callf 


Resinite Corp., Div. of Precis! 


Fairmont 


Chicago 

r 

Ponawanda , 
Malr Kast 


, PLATINUM § and PLATINUM 
I 1740 
Y uUcTs ‘ acts 


PROD 
Oaks, Pa r Astor ewark & 
Pa 
yn J 


(jateway 
erty Ave 


PLASTICS — MOLDING, LAMINATING 
CASTING and EXTRUSION 
COMPOUNDS 


Melding Comte j 


e Acetate 


TERS WIRE 


PLUGS and JACKS, COMMUNICATION 


READER INQUIRY 


AIR EXHAUST 
MUFFLERS 


Stop 
Air Blast 
and Noise! 


Want to get rid of annoying air 
blast, excessive noise? Just in 
stall inexpensive MODERNAIR 
Air Exhaust Mufflers in the ex 
haust ports of your air valves 
Simple, rugged, non-corrosive 

nothing to lubricate or maintain 
Made for '4” and %” NPT port 
ize only 4-3/16” long, 1” di 
$2.75 each. See 


your MODERNAIR distributor or 


ameter, Price 


rite us today 


CORPORATION 


400 PREDA ST., SAN LEANDRO, CALIF 


Member National Fluid Power Association 16 


Dept D5 


Aa 
A 


=. 5 
reasons why 


you should specify 
T&B Sta-kon Terminals 
FP 


HIGH CONDUCTIVITY 
per tongue 


GAC 


Pure electrolytic cop- 
Long stake mark assures large 
contact area for low resistance and low volt 
age drop 
TIGHT, SURE CONNECTIONS... Serrated tongue and 
barrel never relax grip on cable. Once staked, 
T&B Sta-kon ‘Terminals are on to stay 
EASY TO INSTALL... without flame, heat or flux 
A T&B Shure-Stake hand tool is all you need 
to stake terminal to cable bench tools also 
available 
,CORROSION RESISTANT... Cable and barrel are com 
pressed into a solid ma 
permit interior attack 
atmosphere 
[/ AVAILABLE IN A COMPLETE LINE Including pecial 
¥ Wire sizes 22 to 4/0. Varied tongue styles and stud 
izes, with and without insulation 


‘There are no voids to 


from corrosive agent oO! 


For information on the complete line of T & B Sta-kon ter 


minals send for your FREE copy of T & B Bulletin #62 today 


T 


THE THOMAS & BETTS CO. 
22 Butler Sweet, Elizabeth 1, New Jersey 


THOMAS & BETTS tTO MONTREAL ra CANADA 





PLUGS and RECEPTACLES 
A ide Products ¢ 
Mase 
ar Phe ( ha 
A ( age I Hart & Hegeman 
rrow-Hart & Hegeman wne Hartford 
Hawthorne, Hartford 6 i F 


PUSH BUTTON STATIONS 


Alle B ‘ ‘ Secor 
ee 4, W 


lectr Sales Corp 
Electric ale c 10% \ \ iv hicago 7 
(hicago r r Co 


¢: 5 g. Ce 1633 W y ' i 10. Ohio 
is ugo 44, I r ¢ Syracuse } 
FREE Swit on. Dut, ty, ames Sst ah” i 
; J 1 los Angeles 31, Call : Y 
Ll. L., Route 4¢ { 


ie ; r t Minneape 
/ ; 5 es Freeport, I 
nish Wir ‘ 0 Church . t 176 KE. 1 


racuse } ¥ 


; i seneral ect ‘ Constructtor 
DATA S| eaten ya. Briggsoert 2, Com 


Harvey Bridget 


re F., 2331 Second Ave 
BOOKLET © 2.8% 


B., Cinch Mfg. Corp 
HOW TO APPLY 


PYROMETERS 
A \" Chesteriand 
rk 
Based on 10 years experience in the design, manufacture ; 

and engineering application of thermal relays, this book- Ee PORCELAIN il Mabue — Instrume WV. Wester 
let contains diagrams and recommendations to save you f a, bs a? eee 
hours of engineering time. Here is data on thermal ie POSTS. BINDING r r ) Fifth, Saddle 
relays with specifics on their use in high-power electron §& Chain Mf te G t som heile Park Post 


tube circuits, automatic controls and other applications 


Zi } ‘ I Barber Colma 
: oup , rl idl t Rockford, Il 

The booklet discusses design factors that influence the Te on 

time delay, instantaneous and saturation values, re 4 REACTORS 

operate and recovery periods gives information on ‘ aenenece componente. waener 

contact protection, how to eliminate contact chatter, tley 6 8 { 8 Ban Tactramments ; ? 

temperature compensation and vibration problems rf ‘, \ 


Transformers 


i a | Labors ola Ave RECORDERS, COMPUTER. See Instr 
For your free copy of “How to Apply Thermal Relays’’* a S ‘ _ Elect 
write ° 
. . - ? ca Mii « : 
Reprinted from “Electrical Manufacturing RECORDERS, GRAPHIC 
e | 


C]Framee O dines : i ity 1. : RECORDERS, OSCILLOGRAPHIC 


‘ ' é e $ r 105 Perkine Ave 
A ORBAT NAME CONTINUES GREAT NEW ACHIEVEMENTS . 


Thomas A. Edison ; sock ' sl Div. 195, Masse 


boot : ‘ bridge 39, Ma 
INCORPORATED t and : ; . 
nSTRUMENT Division * * LARESIDE AVENUE * WEST O8ANOR NEW JeBery 


RECTIFIERS, SEMICONDUCTOR 


POWDERED METAL PRODUCTS 
i 


POWDERS METAL 


he 


RESISTANCE oom 
SOLDER TOOLS T i 
Designed to handle numerou produc a | a 


POWER SUPPLY 


tion oldering job rom tine | 


point precision medium-heavy in 

dustrial operat n More than if oD 2 

ivle of electrode holdet to fit in gY 

dividual soft or hard soldering Opera RECTIFIERS, TUBE TYPE 
on ant ibove bene! ty yn ! lder ; 1 , ‘ Milw 
highteen Lispe ofl iV with 


GO -stape elector witeh u 


junetion with 3 secondary termin il PRE PI ATED METALS. Aluminum 
A wide range of power to 1800 8: ) i ‘ 
qu kly upple concentrated 
it « ires insure perfectly 
oldered joints with maximum 
SPEED © SAFETY e@ FLEXIBILITY e ECONOMY 
PRssess See REGULATORS MOTOR SPEED 


PRINT MACHINES REGULATORS, TEMPERATURE 


REGULATORS VOLTAGE 


Be i 5h anette 
P.O. Box 132-EM * To 





RESISTANUE LINE CORDS 
r tr ( Construction Mate 
Bridgeport 2 Conr 


RESISTANCE WIRE. See Wire 


ance 


RESISTORS, INSTRUMENT and RADIO 


Acrovox Cory New Bedford, Mass 


Allen-Bradley Co 16 8. Second, Mil 
“ kee 4 


RELAYS and CONTACTORS 


AGA Div 
f 


Broadway New 
Ime 


“ 


626 BE. Keefe 
Clarostat Mfg. ¢ 
Dale Products I 

Nebraska 


att & Weert 
Mercury 

ance Relay Electr 
National Watct Ce 
Naomi. Burbank, Calif 
AEMCQO. I 60 State 
Allen-Bra 
waukee 


Elgir 
24 M  Nortt 
Mankato, Mi 
j ( 1316 8. Second, Mi 
ied Control 2 Kast End Ave 
New York l ; 


s-Chalmers 


Wis 

perite ¢ A Broadway New 
York N ay Thermostat 
Metal Bulb T 


w-Hart & Hegema ectr 
Hawthorne, Hartford 


art Mercury 

Cort 212-29 Jamaica 
Village Y RESISTORS, POWER CIRCUIT 
mas A strument Diy 

West Orange, N J 

ephone and Radio Co., Div. of 

Teleagrar 

ngsland 1.. “liften, N 


Sagamor Dr Port 
NY 


Telephone a 


RESOLVERS 


RHEOSTATS, INSTRUMENT and RADIE 


M 


+ Positive Winding 
— Negative Downtime 
with ESSEX Extra Test® 
MAGNET WIRE 


RHEOSTATS, POWER CIRCUIT 


ae Extra TEST 
ntmore comrga.s sy run dase, Be | \ ESSEX), MAGNET WIRE 


DIVISION ESSEX 


Fort Wayne 6, indiana 


WIRE CORPORATION 


MANUFACTURING PLANTS — Birmingham 


Alabama, Anaheim 
California; Fort Wayne 


Indiana; Detroit, Michigar 


SALES OFFICES AND WAREHOUSES 
RINGS. COLLECTOR 


RESISTANCE HEATING UNITS 





OR 


for APPLIANCES 
and ELECTRICAL EQUIPMENT 
MOST SENSITIVE 
PATENTED CONDUCTION 
i) TYPE THERMOSTATS 


.. iso BIMETAL 
for 


TYPES 
“1 
Ake 
18 MONTHS 


Used by 
For Descriptive Literature, write 


leading 
GENERAL tHermostat corp 


electrical 
manufacturers 

10 ALBANY AVENUE 
BARTLETT, NEW HAMPSHIRE 


GUARANTEED 


for many 
years 


oo 


Available from stock 


\ JLC-NEMA Type12 
vee PANEL ENCLOSURES 
Pr gl 


en 


~O 
om 


All welded 
N\A sure. Seals 
ovt oil, water, 


dust 


External 


cover 


4 
42 
42 
48 


ENGINEERING 
CORPORATION 


EM-35. Anoka, Minnesota 
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RINGS, RETAINERS 
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RIVETS 


Bee Fast 


RIVET SETTING 


Kivet 


MACHINES 


ROLLER 


BEARINGS 
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RUBBER and RUBBER PRODUCTS 


SAWS. COMMUTATOR 


« 


SCRAPER 


RINGS 


SCREW PORTABLE 


DRIVERS fee 


SCREW MACHINE PRODUCTS 


Ree ale 


Bldg 


Acme 
0 
Serew 
Was 
SCREWS. See Fasteners 


SEALING COMPOUNDS 


sia a & Sea 


See 


ing Wares & 


and TERMINALS 


Cort 


HERMETIC 


Chattanooga 5 


Route 46, Lodi 


f Amperes 


New 


SEALS, MECHANICAL 


Ce 6424 


Rotar 
Oakton 


king ¢ Palmy 


SEALS, OIL and GREASE 


Mfg 


SELENIUM RECTIFIERS 
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SEMICONDUCTOR 
tectif r rar 


SERVOMECHANISMS ( 
hroe Ala 


Waterbury 
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facturing ( EKlectri 
ger Manufacturing Co 
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Motors 


20 
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Ir 


Minneapells-H 
Ra Boston 
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ifacturing Co 


Island ¢ 


Johr 
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(,eTma ow 
Fairview V 


Godwir 
: Corp 
Quarr Ra 


FLEXIBLE 


ke ‘ 


SHAFTS 
t s « 


Camden 1, N 


SHEAVES. See Drives, Belt 


SHEET METAL 


N. Main 


1 Pul 


4 


SHEETS, ELECTRICAL 


SHIELDING ROOMS 


SIGNAL DEVICES 


SIGNAL LIGHT 


I ta Indicator 


SILICON 


DIODES 


stal Diodes 


SILICONES 


Mid 
Spr 


Chemical 
tafield, Mass 
urer Cort , 
Chicago 6, 1 
Ww 


Co 


Ave 


86 Mal 
ion 
Carbide & 

I 0 EB. 


town, Pa 
Cort 81 
New York 17 


Carbor 
42nd 


SILVER and SILVER ALLOYS 
ntactsa & Cor Point 
e Brazing A Silver 


Baker & Co In 118 


tact Fer 


loys 
Astor 


318 


North 
and « 
Mase 


SLEEVE 


BEARINGS 
B : 


SLEEVING, SATURATED. See 7 
Slee B ed Fabr 


SLEEVING and TAPE, ASBESTOS 
1 Manufa rer Cort é 
tivd ago 6, Til 


SLIDE 


ASSEMBLIES 


SLIDE 


RULES, CALCULATING 
& Kaeser H 


SLIP RINGS, See KR 


SLOT INSULATION. See I 
Mica; ] : 3 


“ ir t I 


SLOTTERS, MICA 


Th 
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’ cw 


eal Div 
Somer 


eneywell 
Maen 
ym peon 


N Knox 
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Devices 

1, N. Jd 

Pike & 
Pa 


FABRICATORS 
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Ww 
EM -45 
| Benes 
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ASSEMBLIES 


ilming 
Wood 
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icones 
N.Y 


See also 


Selder 


Newark 6, 


Washington 


Mt 
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THE BIG Luc 


OF INDUSTRY 


For Superior Quality 
\ Check these features 
MODEL LO 


| Pure copper, 100% [| Sound engineering 
my [| Speedy installation 

| ee ae [ | Cool operation— 
re-usable ) 


takes overload 
} U/L-GR: Repeeved [] No special tools needed 
| Compadt—enggee [] All screws wex-treated 
[|] Advanced designing for better clamping 


ALL THESE FEATURES AT LOW COST 


Your \V Test Will Prove ILSCO Superiority Over Cast Or Any Other Type Lugs 


Write for Catalog #50 and Samples 


ILSCO CORPORATION 


5745 Mariemont Ave. Cincinnati 27, Ohio 


QOQVQVQQVOOY) QUQQQK0000! 


The Product Design Engineer = Sf VES 
= can always find a complete = : SPACE 
encyclopedic source of supply MODEL 1145 


for component parts, materials — SIDE INDICATOR 


or equipment BOR nate MAXIMUM READABILITY "2 
SPECIAL BI-LEVEL SCALE end 
MINIMUM SIZE, WEIGHT 
Compare with Conventional 
4\2'' Round Meters — 

e 4 THE PANEL AREA 
5.5 sq. inches compared 
with 16.4 sq. inches 
SCALE LENGTH 2.7 inches 
LESS WEIGHT only 10 ounces 
COMPARABLE ACCURACY 
+ 2% of full scale deflection 


{ horizontal or vertical mounting self 
contained with front external zero adjuster 
. dustproof black plastic case with clear lucite cover 


White FOR ENGINEERING DATA SHEETS ON: 


zed Meters; 1" and 1'2" Panel Meters; 
12" VU, Db and Illuminated Meters; Miniature Multi 
testers, Side Indicators 


fo—\.3!" anf 


ooTwW 


and Sub-Miniature Rotary 


Swite hes 


SmMswos 


international 


Thomas Publishing Company = instruments, ine. 


= > (ae) OP-.O. Box 2954, New Haven 15. Conn 
461 Eighth Avenue, New York 1 = 7 i CABLE: “INTERINST” 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVE! 





SOCKET SCREW KEYS and SPEED INDICATORS. See Tachometers 
WRENCHES 


en Manufa t held SPEED REDUCERS and DRIVES 
Hartfor For Motorized Units, see Motors 


a : Allis-Chalmers, Milwaukee 1, W 
ar ’ 
> Bowmar Instrument Corp 4 
he sylvani Ave Ft. Wayne, Ind 
Century o tr fo 1806 Pine 
SOCKETS and ADAPTERS, RADIO. See 2 Mo 


Viugs & Keceptacie Cone-Drive 4 Mick 
Co E_ MecNichols Rd., Detr 
SOCKETS and RECEPTACLES. LAMP Mict 
w-Hart & Hegeman Ele Betes 


A PHASE atic eerie 
SENSITIVE | | 


NULL METER ener Construction | | 

WHEREIN NOISE | ) ie Mainutacturing Co. | " sPoois, wine 

AND HARMONIC ; ' @ * SPRAY PAINTING MASKS and EQUIP 
VOLTAGES ARE 4 bi SOCKETS, FLUORESCENT ! ‘ BR esse ‘ ; = a 
EFFECTIVELY | pousta,. véevue: Tess . 

ELIMINATED MODEL 100A o * SPRINGS, COIL and FLAT 


« Allows separate balance of in a 
phase or quadrature in null cir $25 900 
cults. F.O.B. SOCKET SCREWS I 


: > > Ce ; Lame ee) 1 
Eliminates the necessity for fil ° SOLDERING COMPOUNDS 
ters. Fluxes Paste Liquids Salts 


iH 


High sensitivity. 

Direction of null clearly shown on zero centered 
meter. 

Synchro zeroing without recourse to coarse and 
tine switching. 


For turther information contact your nearest SOLDERING EQUIPME 


trons, Machines, ete 
representative or write tor brochure 


INDUSTRIAL TEST EQUIPMENT CO. 
CE See Le ko a 2 


STAINLESS STEEL 
} & ¢ 


STAMPINGS. METAL 


THIS SWITCH BELONGS ff OLOERLERS connecron 


SOLDER PRE-FORMS 


IN YOUR NEW DESIGNS 


SOLDER, SELF-FLUXING 


Type WL 


hec “ttAe 4 
1. It's the low-cost, long-life p acting swit h 


you ve been looking for 
2. It's easy to install cuts wiring costs to the bone. 


3. It’s listed by Und. Lab., Inc. for 15 a. 125/250 vac, 


«< ) : i Arme ( 
V/, HP 125 vac.: 1 HP 250 va val “Acme 
tr ips Control Cort Bub Thor 
Write today for data sheet. Cort 9 W. Washington, Jo! 
nh-B-M Div., EBesex Wire Corr Logane 


ee PO Rox ISR. Wea STAMPINGS, NON-METALLIC 


Chicago, I Auburn Manufactur ‘ 
lrombetta Solenoid Corp.. 829 N. MI Middletown, Cor 
waukee. Milwaukee Wis Continental-Diar 
t trical Mfg. Cort 3 W Budd Co., Ine, N 
PIPE’ | CEZT ee , ‘Angeles, Caill Mandex Manufactur 
tir e ectr Corp Gateway 6u Chicago * 
IVES ROAD, etre ry CONNECTICUT oe ; a1 Liberty Ave. Rirhar 
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If you have 


il Dalia i aati oe WI PRATIORS 


selecting insulating parts from PROBLEMS... 


the new Design Annual .. . 


ELECTRICAL INSULATION 
AND DIELECTRICS 


Pi on S an up-to the-minute design compen 


dium for engineers who need to keep pace with 
current technology in the swift moving field of 
electrical insulation and dielectric materials 


The editors of Execrrican MANUFACTURING 
have assembled into one handy-to-use booklet, a 
selected group of articles dealing with the ap 
plication of insulation and dielectrics in the de 
sign and cd velopme nt of electrically energized 


products. Many of the articles include exhaus 
tive, critical appraisal of property charac teristics Se U 3 8 & L 


ind application possibilities 


The feature article content (with dates « - 
riginal publication ), includes In le rlo (’ ) 
Research Progre in Dielectri December 
sar PLUGS 


The Epoxy-Resin System for Embedded Cir 
cuits and Components (April 1955); 
Arcing VPertormance of Plastic Insulation for Dependable 
April 1954 
Dielectric Strength of Solid Insulation (May Wirin Connections 
1954 g 
Impact of High-Energy Radiation on Diele¢ 
trics ( June 1955); 
Deteriorating Influence on Dielectric Mate 
J il (July 1954 
Ferroelectric Dielectri July 1954 
Applic ition for Ga ind Liquid Insulation 
June 1954) 
Glass-Premix ( omy ounds for Molded Part 
March 1955); 
Filled Fluorocarbons—New Component Mate 
rials (February 1955 
Evaluating Dielectric Propertic of Plastic 
Laminates (October 1954 
Plastic Laminate Standard November 
1954): 
Effects of Water Immersion and Hum dity on 
Thermosetting Laminates (July 1955 
lemperature Classification of Insulating Mat 
rials (September 1954 
European Developments in the Dielectri 
Field (August 1955) 


An annotated bibliography lists earlier article Automatic Lock... Quick Dis- Tests Prove It! » 
containing design data that are still valid and connect Hubbel! Interlock Plug nce een See saree 


applicable to current problems 


test table 


@ The 130-page Design Annual includes each articl 
in complete form with all original illustrations, tables 
and text. Single copy price is $3.00 on orders accom 
panied by remittance (including 3 per cent sales tax 


for New York City delivery). Address orders to: John A . meh) 
} = Me 


Campbell, Director of Reader Service, The Gage Pub 
lishing Company, 1250 Sixth Ave., New York 20 TaN AL Dd Osh 24k OI Dy (OME connccrons 
<a , J 


Interlock Electronic Connector Dept., Bridgeport, Conn. 
| Sa ERNE RE ANNES ERRORS 


READER INQLUII SERVICE CARDS, PRECEDING 





FUSE 
CUTOUTS 


> > .* . 
THE MULTI-UNION 
LINE IS THE ACCEPTED 


STANDARD OF 
INDUSTRY 


INDUSTRY DEPENDS 
ON MULTI FOR 
ON TIME 
DELIVERY 


WRITE FOR 
CATALOG 
TODAY 


ON 
FUSE 


Titwar: 


CPP ee mee aD 


1 Oe Os 


me ete 


hifi 


POPULAR WITH SERVICEMEN... 


: ILLINOIS 
TPE © CERAMIC CASED 


Oil impregnated Paper Capacitors 
For High Temperature Operation 


ILLINOIS Type ITC Paper ¢ 


ling them the ult 


Litth 
Por 
These 
hermeticall ‘ 


yonder 
emenare tit 


ilar’ Servi 


non-inductively wound and oil impres 


sled in steatite 868 to pre 


ind ace 


tance, excellent power lactor 


ILLINOIS Type ITC ¢ 


fron M f jand 
Rated working ce ou Also eva 
f ILLINOI HANDEEL-PAKS 


ILLINOIS CONDENSER CO. 


1616 N THROOP STREET CHICAGO #2, ILLINOIS 


STARTERS 


TARTERS 


MOTOR 


TATOR ASSEMBLIES 


TATOR INSULATING 


' 


STEATITE 


STEEL 


Commercial Fo 


STEEL 


Sheets and Strips 


STRAIN RELIEFS 


i ‘ 


STRIPPERS, WIRE 


STRIPS BLOCKS 
TERMINAL 


M 


| Products 


ephone ar 
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Howard 
M4. I 
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ago ®, I 
ectri 
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Gasket 


SWITCHES, AUTOMATIC 
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ELECTRICAL 
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t Wright Corp., Carlstadt, N. J. (F 
Din Gray Co 10 KE. Sizth, Daytor 
a G 
Elkhart 
Corp., 262 


Ind dD 
26th, Mating 


Thomas A Instrument Div 
West Orange, N. J. (PG 
Klectro-Snap Switch and Mfg. Os, 428% 

Ww Lake, Chicago 24, Ill (B) 

Biectro Switch Corp Weymouth 68. Mass 
Fasco I Rechester 3, N.Y 
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Heyco Nylon Strain Relief 
Bushings eliminate wire 
knots and grommets and 
insulate wire from housing. 


There is a Heyco size and type for all size wires. In 


WE MAKE addition to their full approval by both Underwriters’ 


Laboratories and Canadian Standards Association 


INSULATORS Heycos nog product - ~ enhance product 

appearance. you are not aireac y using cost-re< ng 

iW MAaNny SHAPES AND SIZES Heycos send for test samples to fit saa eaens aa 
o . 1-Slip over wire 


: 
Because of uncontrollable factors in design, insulators e? 3 2-Snap into hole 
must be developed in many shapes and sizes. That's / 

where Universal's experience and facilities can often be 

of considerable value. We may be able to suggest modi- 

fications of your insulator requirement to provide greater 

safety, easier production and assembly and usually at 


a lower cost 


Send your specs to Universal to get practical suggestions 


and a quantity price. 


THE UNIVERSAL ( U ) CLAY PRODUCTS CO. 
1540 EAST FIRST STREET SANDUSKY, OHIO 


ee ee 


BE SAFE WITH . nal taaptort 


@ Q-MAX is easy to 


Wari Oh} LACQUER apply, dries quickly, 


adheres to practically 


all materials and has 

Commuunuicdlaon Or) Company . a wide temperature 
‘i range. Write today for 

MARLBORO a detailed engineering 

P 

f 


literature 


DYKEM 
Siti 


Stops wv) = wy Popular yes kage is 


> , 8-oz. can fittec 
making Dies and | Bakelite cap holdir 
.* soft-hair brush for ap 


FOR DOUBLE PROTECTION 
USE APPROVED HEYCO 
STRAIN RELIEF BUSHINGS 


BOT be 


ll 


ant a few ule 
da +: “bit 1e a cher our 


souesute"Screl"ts HEYMAN MANUFACTURING COMPANY 


wevents metal gla n 
° revente m effix iency — KENILWORTH 1 NEW JERSEY 
gyriesn see Bt - ite for sample — 
company 


letterheod = 
THE DYKEM COMPANY = 


= CMe ee ae 
2303F North llth St. + St. Lovis 6, Me. & 


samples and specifications. 





Carbon Ce., St. Marys, Pa. (P 


omberg Carla, A Div of Genera 
Dynamics Cort gO R 
Hochester 3. N. ¥ 

Switcheraft 


@\ MINIATURIZED 
ELECTRIC CLIP! 


Our latest idea, 
and so well received, 
production is exceeded 
only by “sales! 


Machine Works lLA 
ago 6, Il 8 
Eng Product Inc 


neered 


sedford 


Market, Newark 
Maxsor 

wk 1 N y 
Co 600 
CGOHOK 
Cort Galeway 
401 Liberty Ave 
ABKCDBEFGHLOPS 
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Clarke high-speed production depends 
on. the special-built Clarke motor 
and every last component in it must 
be precise and built to last 


Send for Catalog Sol shows how 
to order molded or assembled types. 
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PHOENIX ELECTRIC MANUFACTURING CO. 


4211 West Lake Street Chicago 24, Illinois 


HEAT CONTROL — LIGHT CONTROL 
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close adjustment (AC or DC) 


Portable Plug-in RHEOSTATS 
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NATIONAL ELECTRIC CONTROLLER CO. 
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ELECTRICAL MANUFACTURING 
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wo ELECTRICAL 


INSULATING PAPER 


Dielectric strength — 300 volts per mil 
Tensile strength 13-16,000 Ibs./sq. in. 
Density: 1.30-1.35 

Thicknesses from .004 to .030” 

100% rag stock paper 

No sizing or fillers used 

“Glazed roll” finish — others available 
Can be combined with other materials 
Available in rolls, sheets or coils 


REPRESENTATIVES 


Atlanto—Brownell Distributors. Inc New York—Brownell Distributors, inc 
Boston—The Huse-Liberty Mica Co Newark—Electric Motors & Parts Corp 
Chicago—Federal Insulation Co Oklahoma City—John H. Cole Co 
Cleveland—Mr. (. J. Vonemar Philadelphia—Electrical Maintenance 
Dallas—Electrical Supply Corp Equipment Co 
Dallas—Summer Electric Co Pittsburgh—Herbert J. Graham 
Denver—Electric Motor Supply Co Salt Lake City-—J. 8. Christiansen Agency 
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Fabricators, Inc Seattle—Tri-State Supply Corp 
Fort Worth—Electrical Supply Corp St. Louis—Dale Painter 
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Los Angeles—Tri-State Supply Corp of New England, inc 
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Write for literature and free sample 
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LETTE PAPER COMPANY, INC. 
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RUBBER to NYLON 
that stays bonded! 


Now we are able to bond natural and synthetic rubber to molded 
nylon. For example, the part pictured above 





capable of being 
used as a flexible coupling, mount or braking unit will with- 
stand severe bending, tensile and torque tests. The rubber will 
actually rupture before bond failure! 

Look to PHOENIX for highly skilled custom molding of rubber 
products. Address all inquiries to Rubber Products Division 


PHOENIX should be your source 
for custom rubber molding 
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PHOENIX MANUFACTURING COMPANY 


Rubber Products Division Joliet, Illinois 


Identify Wires Permanently 


Easy to apply, replaces obsolete string 
and paper identification methods. 


¢ Aluminum steel, brass 
or zinc. 
Big variety, all styles 
and sizes 
For aircraft, radio, 
telephone, motor and 
generator manufacture, 
etc 


Free Samples and 
Literature Upon Request 


NATIONAL BAND & TAG CO., Dept. 9-64, Newport, Ky. 


for complete 
selection of Basic 
Requirements for your Coil 
Winding needs it’s... 


Write for complete 
technical literature 


UT WINDING EQUIPMENT CO 
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One good reason for dis- 
cussing your transformer 
application with Acme 
Electric is the possibility 
that with our background 
of more than 20,000 de 
signs, we can adapt stand 
ard parts to exac tly fit 
special requirements. 


For example, the top 
illustration is that of a 2 
KVA 240/480 primary, 
120/240 secondary volts, 
60 cycle dry type power 
transformer. The illustra 
tion (right) is that of a 
1500 watt voltage regula- 
tor having a manually ad- 
justed output voltage 
range from 145 to 240 
volts. Basically, the same 
design, but with modifica 
tion each unit serves a 
different purpose. 
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This is a high voltage 
power supply for ele« 
trostatic ion collecting 
and air conditioning 
equipment. Operating 
on 240 volt single 
phase, 60 cycle, it sup- 
plies 12 KV direct 
current up to 30 ma, 
D.C. voltage is adjus- 
table to load. 


more simple than thes 
Send your specifications 


ACME ELECTRIC CORPORATION 


CUBA, NEW YORK 


355 WATER ST. 
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Zophar Waxes, resins and compounds 

to impregnate, dip, seal, embed, or pot R ; 
electronic and electrical equipment or ‘ Mie o b 
components of all types, radio, tele- , 
vision, etc 
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VALVES ERVO OPERATED 
or fungicidal. y 
VALVES. THERMOSTAT OPERATED ( ‘ ut 
Special waxes non-cracking at —76°F 
Let us help you with your engineering VARNISHED FABRICS 
problems 
VARNISHE COMPOUNDS and 


RESINS INSULATING 
For immediate service contact 


L. E. Mayer, Sales Manager 
A. Saunders, Technical Director ( ‘ 
HM. Saunders, Chemical Leboratories ‘ Ae Ef 
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Multiple Reprints 
at Quantity Prices 


e For each of the four design compendiums now 


available (see reviews on page 280) the supply 
now on hand is sufficient to fill modest quantity 
orders. Since handling expense is a significant cost 
element in the distribution of these Multiple Re 
prints, grouping of orders makes substantial sav 
ings in cost per copy. To further reduce cost, ac 
counting and involving operations involved in 
open-account billing are eliminated by requesting 
remittance with order 

Prices per copy given in the table below are for 


single shiprne nts in the quantities shown on orders 


sccompanied by remittance 


Quantity per shipment 





Title | 5 95 

Electrical Insulation and 

Dielectrics 3.00 2.25 1.85 
Servo System Design 2.50 1.75 1.25 
Printed Circuits 

(Revised Edition) 2.50 1.75 1.25 
Practical Circuits for 

Grid Control of 

Thvyratrons 2.00 1.35 1.10 
Send orders with remittance including 3 pel 


cent ile tax for New York City deliveric ti 


J. A. Campbell 
Director of Reader Service 
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1250 Sixth Ave New York 20) 
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ELECTRITE 


a high grade board for 
electrical Nsulation 
Possessing high tensile 
and dielectric Strength 

Used in a large variety 
of Punchings and other 
insulating applications. 


DENSITE 


an extremely hard and 
tough board of superior 
quality. Used by many 
leading manufacturers 
of electrical equipment 
to replace the more ex- 
pensive types of insulat- 
ing materials 


ated bebe 
Fibre Board 


ae) Mtg ii@.\ 
SUE Nile) 


PRODUCTS DEPARTMENT 


LO eee ea A 


230 Park New York 17, N.Y 35 E. Wacker Drive, Chicago | 


FOLDING DOUBLE CUPPED WASHER LUGS 


o Cc Solderless mum) () 


Easy to Apply 
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mum 0g) <) No Special Tool Needed eo 
¢ a One-Piece Construction / 
c 00 m= é] Pon. 99 O 
: Service \ ° | Bulletin @-DF 6 ‘ , 


= 
{ a% a Kevuecer « Huperout 
> 
« CINCINNATI 2, OH re a 


Or 06 mt 


POWER ENGINEER 


An unusual opportunity is available for a power 
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electric brakes — variable speed operation — fluid 
drive or special mounting? Or would some of 
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bill? You'll find the answer here! And remember, 
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ability of motor driven products; for increased 
productivity of plant equipment 
Motor Ratings 1% to 400 H.-P. All phase oltages and fre 
quencies 
Motor Types Squirrel cage, slip ring nehronous, repul 
ion-start induction, capacitor, direct current 
Construction —. Open, enclosed, splash-proof, fan-cooled, ex 
plosion-proof, special purpose 
Speeds Single speed, multi-speed, and variable speed 
Installation Horizontal or vertical, with or without flange 
and other features 
Power Drive Electric brakes (2 types) 5 types of gear 
Features reduction up to 432 to 1 ratio. Mechanicall 
and electronically-controlled variable speed 
units—fluid drives—every type of mounting 


ELECTRIC COMPANY 
DAYTON 1, OHIO 


Standard Motors— '/s to 400 HP 





REVERE 


Extruded Shapes give 


HUBER 5 GREAT 
ADVANTAGES 


—they can do as much for you 


This is the story of a Brazing Torch valve body, made 
by Huber Industries, Cincinnatur 48, Ohio, chiefly out 
of a brass extruded shape furnished by Revere. As a 
result of expericnce Huber has become an outspoken 
advocate of shapes. Here are the five advantages Huber 
has found 


1. Machining time reduced 50 


2. Unitorm dimensions mean only one machine 
set-up for each operation 


No rejects whatever. Testing completely elimi- 


nated 


4. Uniformity of metal means minimum wear on 


tools 
5. Buy slugs cut to length, eliminating cutting-off 


The only part of this valve not of brass is the stainless 
steel conical valve stem. 


An extruded shape costs more per pound than standard 
rod or bar, but the reductions in machining, finishing 
and other costs much more than make up the differ 
ence, and you save money. If you are machining cop 
per and copper base alloys, or aluminum alloys get 
in touch with Revere and learn the advantages of 
extruded shapes 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere m1 


230 Park Avenue, New York 17, N. ¥ 


A 


PERE EE. 


Progressive steps in producing 
valve, beginning with the shape as 
a ee 


Huber Type 100, Model A Brazing 
Torch 


“The Revere Four-Way Service” is a 
1émm sound motion picture in color, 
educational and informative. If you 
haven't seen it, write nearest Revere 
Office. 





